urnal of 


HE CHEMICAL SOCIETY 








Publication Committee 
Chairman: C. K, Ingold, D.Sc., F.R.I.C., F.R.S. 


C. C. Addison, D.Sc., Ph.D., F.R.I.C. 
G. Baddeley, Ph.D., D.Sc., F.R.I.C. 
F. Bergel, D.Phil.Nat., D.Sc., F.R.I.C. E 
E. Boyland, D.Sc., Ph.D. G 
a 


. R. Ing, M.A., D.Phil., F.R.S. 
- J. G. Ives, D.Sc., A.R.C.S., F.R.1.C. 


H 

. R. H. Jones, D.Sc., F.R.I.C., F.R.S. 
. W. Kenner, M.Sc., Ph.D. 
H. C. Longuet-Higgins, M.A., D.Phil. 
B. Lythgoe, M.A., Ph.D., F.R.I.C. 
H 
K 


N. Campbell, D.Sc., Ph.D. 
N. B. Chapman, M.A., Ph.D. 
J. Chatt, M.A., Sce.D., F.R.I.C. 
P. B. D. de la Mare, D.Sc., Ph.D. 
M. J. S. Dewar, M.A., D.Phil. 
. D. Eley, Sc.D., Ph.D. 
. J. Emeléus, D.Sc., A.R.C.S., F.R.S. Vv 
. H. Everett, M.B.E., M.A., D.Phil. 
. Gee, Sc.D., A.R.I.C., F.R.S. P. L. Robinson, D.Sc., F.R.I.C. 
. G. Halsall, Ph.D., M.A., A.R.I.C. . Schofield, Ph.D., D.Sc., F.R.1.C. 
. A. Hems, D.Sc., F.R.I.C. J. C. Speakman, M.Sc., Ph.D. 
. H. Hey, D.Sc., F.R.I.C., F.R.S. H. W. Thompson, M.A., D.Sc., F.R.S. 
. L. Hirst, M.A., D.Sc., LL.D., F.R.S. E. E. Turner, M.A., D.Sc., F.R.S. 
A. R. J. P. Ubbelohde, M.A., D.Sc., F.R.S, 


. Neuberger, Ph.D., M.D., F.R.S. 

. G. W. Norrish, Sc.D., F.R.I.C., F.R.S. 
M. W. Perrin, C.B.E., M.A., F.R.I.C. 

. Petrow, Ph.D., D.Sc., F.R.I.C. 

. M. Powell, M.A., B.Sc., F.R.S. 


D 
R. A. Morton, D.Sc., Ph.D., F.R.S. 
R 


Editor 
R. S. Cahn, M.A., D.Phil.Nat., F.R.1.C. 


Assistant Editors 


A. D. Mitchell, D.Sc., F.R.1.C. L. C. Cross, Ph.D., A.R.C.S., F.R.1.C. 
A, E. Somerfield, Ph.D. 


[PUBLIC LIBRARY 
AUG 1 3 1957 ~V 
DETROIT 72 




















JULY, 1957 


Subscription rate to non-Fellows £16 Os. Od. (including Proceedings) per annum post free. 


LONDON: THE CHEMICAL SOCIETY, BURLINGTON HOUSE, W.1 





THE CHEMICAL SOCIETY 


PATRON 
HER MAJESTY THE QUEEN 


President 
E. L. Hirst, C.B.E., M.A., D.Sc., LL.D., F.R.S. 


Vice-Presidents 
who have filled the office of President 
Sir lan Heilbron, D.S.O., D.Sc., LL.D., F.R.S. W. H. Mills, M.A., Sc.D., F.R.S. 
Sir Cyril Hinshelwood, M.A., Sc.D., F.R.S. Sir Eric Rideal, M.B.E., M.A., D.Sc., F.R.S. 
C. K. Ingold, D.Sc., F.R.I.C., F.R.S. W. Wardlaw, C.B.E., D.Sc., F.R.I.C. 


Vice-Presidents 
Wilson Baker, M.A., D.Sc., F.R.S. M. Stacey, Ph.D., D.Sc., F.R.S. 
R. D. Haworth, D.Sc., Ph.D., F.R.S. L. E. Sutton, M.A., D.Phil., F.R.S. 
E. D. Hughes, D.Sc., F.R.I.C., F.R.S. Sir Alexander Todd, M.A., D.Sc., F.R.S. 


Honorary Treasurer 
M. W. Perrin, C.B.E., M.A., F.R.I.C. 


Honorary Secretaries 
F. Bergel, D.Phil.Nat., D.Sc., F.R.I.C. J. Chatt, M.A., Se.D., F.R.1.C. 
M. J. S. Dewar, M.A., D.Phil. 


Ordinary Members of Council 

D. W. Adamson, M.Sc., D.Phil., A.R.I.C. J. D. Loudon, Ph.D., D.Sc. 
G. R. Barker, B.Sc., Ph.D. B. Lythgoe, M.A., Ph.D., F.R.I.C. 
R. M. Barrer, D.Sc., Se.D., F.R.S. A. Maccoll, M.Sc., Ph.D. 
F. Bell, D.Sc., F.R.I.C., F.R.S.E. R. S. Nyholm, M.Sc., D.Sc., F.R.I.C. 
A. J. Birch, M.Sc., D.Phil. F. H. Pollard, B.Sc., Ph.D. 
A. G. Evans, Ph.D., D.Sce., F.R.I.C. R. A. Raphael, Ph.D., D.Sc., A.R.C.S. 
A. Hickling, D.Sc., Ph.D., F.R.I.C. R. E. Richards, M.A., D.Phil. 
L. Hunter, Ph.D., D.Sc., F.R.1.C. L. A. K. Staveley, M.A. 
A. W. Johnson, M.A., Ph.D., A.R.C.S. J. C. Tatlow, Ph.D., D.Sc., F.R.1.C. 
G. W. Kenner, M.Sc., Ph.D. W. Wild, B.Sc., Ph.D., A.R.1.C. 

G. T. Young, Ph.D., M.A., A.R.I.C. 


General Secretary 
J. R. Ruck Keene, M.B.E., T.D., M.A. 


Librarian Deputy Librarian 
R. G. Griffin, F.L.A. J. Bird 











to 








~, 


Journal of The Chemical Society July, 1957 


CONTENTS 


General, physical, and inorganic 


Catalytic hydrogenation. PartI. The hydrogenation of unsaturated amines over 
platinic oxide 
By J. M. Devereux, (in part) K. R. Payne, and E. R. A. PEELING . 


The reactions of stannic chloride with alcohols 
By D. C. Brap.ey, E. V. CALDWELL, and W. WARDLAW . 


A potentiometric study of the chloroiridate—chloroiridite couple 
By Puivip Georce, G. I. H. Hanania, and D. H. IRVINE 


The electrolytic determination of gallium 
By (the late) H. TERREY and J. THABIT 


Studies in monolayers. Part V. Formation of eiaiaaeas by miiataneind azo- 
dyes on water and aqueous solutions 
By A. CAMERON and C, H. GILEs 


The heat of dilution of aqueous uranyl acetate solutions 
By (Miss) B. C. L. SatMan and A. G. WHITE . 


Solvent extraction studies. Part I. Nitric acid species in ‘ dibutylcarbitol ”’ 
(diethylene glycol a — 
By D. G. Tuck . . : 


Complexes involving ieee iron and orthophosphoric acid. Part v. Magnetic 
susceptibility measurements on iron(i11) solutions containing orthophosphate 
By A. Hotroyp, R. F. Jameson, A. L. ODELL, and J. E. SALMON 


NOTES 


658 Plutonium alkoxides 
By D. C. Brap.ey, B. Harper, and F. HuDSWELL 


662 The action of hydrogen chloride on the nickel and palladium derivatives of dimethyl- 
glyoxime—A correction 
By A. G. SHARPE and D. B. WAKEFIELD ‘ é 


Physical organic 


The use of the acidity function H, as a tool for the study of reaction mechanism in 
mixed solvents. 
By D. P. N. SATCHELL . ° . . 


The kinetics of the rearrangement and ecttetion of hydrazobenzene in ween. 
Part I. The rearrangement and spontaneous oxidation 
By D. A. BLACKADDER and Sir Cyrit HINSHELWOOD 


The kinetics of the rearrangement and oxidation of byldrantbineies in eciiitiun, 
Part II. The catalysed oxidation 
By D. A. BLACKADDER and Sir Cyrit HINSHELWOOD 


Vibrational frequency correlations in heterocyclic molecules. Part III. Carbonyl 
frequencies of certain compounds possessing fused six-membered rings 
By D. G. O’SuLttvan and P. W. SADLER . : . . . . 


The solvolysis of arylmethyl chlorides. Part II. A molecular-orbital treatment 
and further experimental evidence of the transition from the limiting to the fully 
nucleophil-assisted mechanism 

By M. J. S. DEwar and R. J. SAMPSON 


The solvolysis of arylmethyl chlorides. Part UII. Further demonstration of 
retardation of solvolysis rates of pert-compounds 
By M. J. S. Dewar and R. J. SAMPSON 








li 
no, 


580 


585 


587 


593 


595 


601 


624 


629 


631 


638 


639 


Contents. 


The activation of carbon-carbon double bonds by cationic catalysts. Part V. 
The dimerization of 1 : 1-diphenylethylene in the system benzene-stannic chloride- 
water 

By Atwywn G. Evans and J. Lewis ° 


The kinetics and mechanisms of aromatic —— oteitiiien. " Part V. Partial 
rate factors for the acid-catalysed bromination of oe by hypobromous acid 
By P. B. D. DE LA Mare and M. Hassan : 


The Fries rearrangement. Part III. Mechanism of the tie utente 
By N. M. CuLiinaneE and B. F. R. Epwarps . A ‘ : ‘ ° 


Tracer studies in ester hydrolysis. Part V. The kinetic fan and stereochemical 
course of the hydrolysis of p- iia ata acetate 
By C. A. Bunton and T. Hapwick , . ° ‘ ° ‘ ° 


Oxidation by nitrous and nitric acid. Part v. The kinetics of nitrosation of 
aliphatic ketones 
By K. SINGER and (Miss) P. A. VAMPLEW ‘ . ° ‘ : . 


Quantitative aspects of the base-catalysed halogenation of aliphatic ketones. Part 
III. Comparison of bromination and iodination 
By C. F. Cutis and M. H. HasHm1 


Kinetics of the demethylation of some Semceinglt rimethylammonium iodides by 
sodium methoxide in absolute methanol 
By C. W. L. Bevan and G. C. BYE 


Molecular polarisation and molecular interaction. Part VI. The apparent dipole 
moments of m- and p-nitroaniline, m- and p-bromoaniline, and -toluidine in 
benzene and dioxan solutions 

By J. W. SmitH and (Miss) S. M. WaLsHAW . ° ‘ ° ‘ . ° 


Mesomorphism and chemical constitution. Part IX. The preparation and meso- 
morphic behaviour of the 7-n-alkoxy-fluorene- and -fluorenone-2-carboxylic acids 
and their m-propy] esters 

By G. W. Gray and A. IBBoTson . ‘ ‘ ° 


The rearrangement of «$-unsaturated alcohols to saturated aldehy des -_ rn 
Part I. The preparation of a$-unsaturated alcohols and 1: 2-diols and their 
prototropic change 

By M. B. GREEN and W. J. HICKINBOTTOM ° 
The rearrangement of «8-unsaturated alcohols to praoery aldehy des — ieee 


Part II. The course of the rearrangement 
By M. B. GREEN and W. J. HICKINBOTTOM . : . 


NOTES 


647 


654 


556 


558 


559 


560 


Kinetics of the bromination of iodo-ethers by hy pobromous acid 
By S. J. BRANCH and BRYNMOR JONES . . : 


The denitration of N-methy 50 aiinteenbttes: correction 
By Muriet L. Harpy-KLeEIN . ° ° 


Organic 


Hydroxybenzotropones. Part IV. 1: 2:3: 4-Tetrahydro-5 : 8-dimethoxy-2: 3- 
methylene-1 : 4-dioxonaphthalene 
By J. F. GARDEN and R.H. THomson . ° ° ° ° ° 


Interaction of 6-acetyltetralin and excess of Friedel- C rafts ethylating een 
By G. BADDELEY and W. PICKLEs . . . 


Preparation and reactions of eee oni hineibpedaiinin 
By C. G. Ralson . 


Physicochemical studies on seine Part ‘VI. aie leaching and the 
fractionation of potato starch 

By J. M. G. Cowie and C. T. GREENWoop ‘ . : . ‘ . 
Aromatic arylalkylation. Part I. The triphenylmethylation of o-cresol in sul- 


phuric acid-acetic acid 
By T. G. Bonner, J. M. Clayton, and (the late) Gwyn WILLIAMS. ‘ ° 


PAGE 


2975 


3004 


3016 


3043 


3052 


3080 


3194 


3217 


3228 


3301 


3312 


2851 


2855 


2858 


2862 


2867 





XU 





No. 


561 


563 


564 


589 


591 


596 


598 


Contents. 


Phenylchloroboronites and phenylboronates 
By S. H. DANDEGAONKER, W. GERRARD, and M. F. LApPERT . 


Conjugated macrocycles. Part XXX. Tetramethyltetrazaporphin 
By P. MarGARET Brown, D. B. SPIERS, and MARGARET WHALLEY 


Cyclic amidines. Part V. 5: 11-endo-Substituted 5:6: 11: 12-tetrahydro-2: 8- 
dimethylphenhomazines 
By F. C. Cooper and M. W. PARTRIDGE . ° 


The reactions of phenylboron dichloride with ethers 
By S. H. DANDEGAONKER, W. GERRARD, and M. F. LApPpEertT 


Conformational anomalies in some triterpenoid bromo-ketones 
By D. H. R. Barton, D. A. Lewis, and J. F. McGuire 


The hydrolysis of y-cyano~y- 4 oO See 
By J. McDonaLp Brairr and D. H. Hey : 


The aporphine series. Part III. Corydine and 1 socoryain 
By D. H. Hey and A. L. PALLUEL . ° 


Intermediates for the synthesis of optically active sethy!- substituted hing chain 
acids. Part II. 

By K. J. CRow.ey, D. J. MILLIN, and N. PoLGAR 

Intermediates for the synthesis of optically active methyl- substituted — shin 
acids. Part III 

By I. A. Hotiipay and N. PoLGaR ‘ ° . . , . ‘ : 
Stereochemistry of cyclohexane derivatives. Part VI. The 3-aminocyclohexanols 
By R. R. Burrorp, F. R. HEwcILt, and P. R. JEFFERIES 

Syntheses of protoberberine alkaloids 

By T. R. GovinpacnarI, S. RAJADURAI, M. SUBRAMANIAN, and N. VISWANATHAN . 
Marrubiin. Part I. Oxidation products 

By D. G. Harpy, W. Riacsy, and (in part) D. P. Moopy . 

Marrubiin. Part II. Correlation with ambreinolide 

3y D. Burn and W. RiGcBy ° , . 

Molecular rearrangements. PartI N-Chloroacetanilide 

By K. N. Ayan, C. Bearp, R. F. Garwoop, and W. J. HicKINBOTTOM “ 
Reactions related to the pinacol—pinacone rearrangement. Part I. The acid- 
catalysed rearrangement of 2-methylpropane-1 : 2-diol and its ethers 

By J. B. Ley and C. A. VERNON . é . 
The effect of streptomycin on the enzymic waa. sal duedetion of carbo- 
hydrates 

By S. A. Barker, E. J. Bourne, M. Stacey, and R. B. Warp . 
Thiadiazoles. Part V. The oxidation of N- A seein rer eRReeN tartans 
By FREDERICK KURZER ; . 

A new synthesis of 1-alkylfluorenes 

By F. H. Howett and D. A. H. TayLor ° ‘ 


The degradation of carbohydrates by alkali. Part xv. Factors in the formation 
of metasaccharinic acids from 3-O-derivatives of glucose 


By J. KENNER and G. N. RICHARDS . ° ° . 
The preparation of some A aeianeaeane 
By I. L. Finar and R. J. HuRLock . . : 


Higher aliphatic compounds. Part XI. A anthete of DL- clita acid 

By A. S. Battey,.V. G. KENDALL, P. B. Lump, J. C. SMiru, and C. H. WALKER 
Amine oxidation. PartI. The side-chain oxidation of N-alkyl- and NN-dialkyl- 
anilines by manganese dioxide 

By H. B. HenBeEst and A, THoMas ‘ . ‘ ° . ° . 
Condensation products of phenols and ketones. Part XII. Studies with m-cresol, 
m-ethylphenol, and 3 : 4-dimethylphenol 

By Witson Baker, J. F. W. McOmtig, and J. H. Witp 
Dialkylaminoalkylquinolines 

By E. P. Apams, F. P. Dov ez, and J. H. C. NAYLER 


2888 


2893 


2907 


2921 


2926 


2931 


2934 


2937 


2943 


2955 


2964 


2981 


2987 


2994 


2999 


3011 


3019 


3024 


3027 


3032 


3060 








1V 
wo. 


599 


600 


602 


603 


604 


605 


606 


607 


608 


609 


610 


611 


613 


614 


oa 
-— 
or 


616 


617 


618 


619 


620 


Contents. 


Organic sulphur compounds. Part II. The condensation of benzothiazole-2-sul- 
phenamide with carbonyl compounds 

By J. A. BARLTRoP and K. J. MorRGAN ‘ ‘ ‘ ‘ 
Configurational studies in synthetic auslgneics. Part IIL. The configuration of 
(—)-phenadoxone 

By A. H. Beckett and A. F. Casy 


A new synthesis of phosphatidylserine and the pennepetion of serine snd 2-amino- 
ethyl (‘‘ ethanolamine ’’) phosphate esters 
By T. H. Bevan, T. MALKIN, and J. M. TipLavy 


The search for chemotherapeutic amidines. Part XIV. Congeners of 4: 4’- 
diamidinoazobenzene 
By J. N. AsHLEy and S. S. BERG 


The chemistry of the “insoluble red’’ woods. Part VIII. The synthesis of 
analogous anhydro-7-hydroxybenzopyranols and a note on the oxidation of 
deoxybenzoins 

By A. MEE, ALEXANDER ROBERTSON, and W. B. WHALLEY 


Steroids and Walden inversion. Part XXXVII. The epimeric dudetann’ : 3- 
diols 


By C. W. SHoppPEE, D. N. JoNEs, and G. H. R. SUMMERs . ° . ‘ 
Steroids. Part XIII. ‘Catalytic hydrogenation of 3a- and 38-substituted A*- 
steroids 

By C. W. SHopreer, B. D. AGASHE, and G. H. R. SUMMERS ‘ , ‘ 
Spirocyclic compounds. PartI. The preparation of compounds related to 3: 2’- 
dioxogrisan 

By F. M. DEAN and KAMCHORN MANUNAPICHU ‘ , . 
Griseofulvin. Part XI. 4: 6-Dimethoxy-2’-methylgrisan-3 : 4’-dione 

By J. MacMILLan and P. J. SUTER ; , i : ‘ ‘ ‘ 
Carcinogenic nitrogen compounds. Part XXII. cycloHexyl derivatives of 
benzacridines, carbazole, and other nitrogen heterocycles 


By No. Px. Buu-Hoi, L. C. Brinn, T. B. Loc, Nc. D. Xuonae, and (in part) P. 
JACQUIGNON 


Properties and reactions of free alkyl radicals in solution. PartIX. Synthesis and 
reactions of some tertiary nitroalkanes 
By J. F. TitNry-BassEttT and WILLIAM A. WATERS 


The synthesis of peptide derivatives of basic amino-acids. 
By B. C. Barrass and D. T. ELMoRE 


Preparation of some naphthofurans 
By P. Emmott and R. LIVINGSTONE 


The resolution and reactions of tertiary alcohols: 2-phenylbutan-2-ol and 3- 
methylhexan-3-ol 
By Atwyn G. Davies, J. Kenyon, and L. W. F. SALAME 


The resolution and reactions of tertiarv alcohols: 2-1’-naphthylbutan-2- ” 
By Atwyn G. Davies, J. Kenyon, and KuMAR THAKER . 


The resolution and reactions of tertiary alcohols: two disubstituted he collic aati 
and the corresponding disubstituted glycols 

By Atwyn G. Davies, F. M. EBeErp, and J. KENyon ‘ ‘ : ‘ 
Alkyl-oxygen fission in carboxylic esters. Part XV. 2: 4-Dimethoxydiphenyl- 
methanol, 1-(2:4-dimethoxyphenyl)ethanol, and 1: 2: 2: 2-tetra-p-methoxy- 
phenylethanol 

By Atwyn G, Davies, E. E. Epwin, J. KENyon, and A. WALSH 


Polymerisation of benzyl and some substituted benzyl perchlorates 
By P. F. G. PRaILi 


The chemotherapy of filariasis. Analogues of diethylcarbamazine (1l-diethyl- 
carbamoyl-4-methylpiperazine) derived from 2: 4’- and 4: 4’-dipiperidyl, homo- 
piperazine, and 4-aminopiperidine 

By P. Brookes, R. J. TERRY, and JAMES WALKER . 

Ready formation of ketals by 4-piperidones 

By PETER BROOKEs and JAMES WALKER 


PAGE 


3072 


3076 


3086 


3089 


3093 


3100 


3107 


3112 


3124 


3126 


3129 


3134 


3144 


3148 


3151 


3154 


3158 


3162 


3165 


3173 








XU 








621 


628 


630 


636 


637 


640 


641 


643 


644 


Contents. 


Indoles. Part V. The Fischer cyclisation of some meéa-substituted arylhydrazones 
By D. W. OCKENDEN and K. SCHOFIELD 


The synthesis of 3 : 4-benzofluorene and some of its monomethy] derivatives 
By B. R. T. KEENE and K. SCHOFIELD 


Polyazabicyclic compounds. Part II. Further derivatives of benzo-1 : 12: 4- 
triazine 

By R. F. Rossins and K. ScHOFIELD ‘ ‘ ‘ . , . ‘ 
Purines, pyrimidines, and glyoxalines. Part VI. Some 5-aryl(or alkyl) sul- 
phonyluracils 

By M. R. Atkinson, G. SHAw, and (Mrs.) G. SuGowpz 


Butadienes and Sener compounds. Part IV. A study of the mechanism of 
formation of 1: 1 : 4: 4-tetra-arylbuta-1 : 3-dienes 
By Wapie Tapros and Ary BapiE SAKLA 


Four-carbon saccharinic acids from the alkaline dooniinae of 3-O-methyl-.- 
glycerotetrulose and 4-O-methyl-p-threose 
By G. N. RicHarps 


Quinoxalines and related compounds. Part It. Some 2-substituted quinoxalines 
By G. W. H. CHEESEMAN 


The conductivity of silver salts in non-aqueous er" alent hae. Part V 
By V. S. GrirFitus and M. L. PEARCE 


Experiments in the cyclobutane series. .Part IIT. ‘sient to salineie optically 
active substituted 1 : 2-dimethylenecyclobutanes 

By F. B. Kiprinc and J. J. WREN . ‘ : : . ‘ ° ‘ 
Experiments in the cyclobutane series. Part 1V. The interaction of diethyl cis- 
cyclobutane-1 : 2-dicarboxylate with pheny a bromide 

By F. B. Kippinc and J. J. WREN . . 


Reactions related to the pinacol—pinacone eiemtisinimits Part ll. The fate of 
the carbonium ion derived from 2- ere 1: 2-diol 
By J. B. Ley and C. A. VERNON 


The preparation of some alky |-substituted —_ acids. Part If 
By MALcoLm CRAWFORD and J. H. MaGILi 


Colchicine and related compounds. Part XVI. Periodate oxidation of col- 
chiceine 
By K. Auman, G. L. BucHANAN, and J. W. Cook 


Actinomycin. Part V. The structure of actinomycin D 

By E. Buttock and A. W. JoHNson . ‘ . : ‘ . 
Aliphatic carboxylic acids containing arsenic. Di(carboxymethyl)phenylarsine 
and related compounds 

By Joun T. BRAUNHOLTZ and FREDERICK G. MANN ° ‘ . ° 
Nucleotides. Part XLI. Mixed anhydrides as intermediates in the synthesis of 
dinucleoside phosphates 

By R. H. Hatt, SrR ALEXANDER Topp, and R. F. WEBB . 


NOTES 


645 


646 


648 


Nucleotides. Part XLII. The preparation of the 2’: 5’- and 3’ : 5’-diphosphates 
of adenosine 
By F. Cramer, G. W. Kenner, N. A. Hucues, and Sir ALEXANDER TODD 


cycloHexane derivatives. Part IIT. The mechanism of catalytic hydrogenation of 
cyclic compounds and the Skita rule 
By R. J. WICKER. 


The reaction of the double Cogent adil ‘a 1: 4- dibro: wpitntiice w ith 2 2: 3- 
dichlorotetrahydropyran 
By M. F. ANsELL and D. A. THOMAS 


The synthesis of a 1 : 5-dienoic acid and its cae iour w ith h hot alkali 
By B. M. A. pE SurviLte, D. E. A. Rivett, and D. A. SUTTON 
Some derivatives of 2-2’-aminoethylglyoxaline 

By P. C. JocELYN 


PAGE 
3175 


3181 


3246 


3251 


3256 


3275 


3297 


3299 


3302 


3304 


3305 








vi Contents. 


NO, 


PAGE 


651 Ring expansion. Part II. The attempted preparation of a bicyclic tropolone 


from spiro[5 : 6]dodecane-3 : 4-dione 
By R. H. Burnet and W. I. TAYLOR 


652 The alkylation of (+)-1-phenylpropane-2-thiol i di- ond tri-ary ienetticenitie 


By C. L. Arcus and P. A. HALLGARTEN 


653 2-Amino-1-ethylthioethanol hydrochloride 


By L. HoucH and Maumoup I. TAHA 


655 2-Methyleneaminomethylbenziminazole 
By E. S. LANE 


656 The formylation of the —_ nucleus 
By I. L. Fryar and G. H. Lorp 


3307 


3309 


3311 


3313 


3314 


657 Ethylidene derivatives of methyl Atnbpinniabine 
By JoHN HoNEYMAN and THEO C. STENING . : ‘ - 3316 


659 Exchange of radiochlorine between pyridinium chloride and acid chlorides in 


chloroform solution 


By M. J. FRAZER ‘ 3319 
660 The conversion of fatty acids into aldehydes 

By S. S. NicaM and B. C. L. WEEDON 3320 
661 The reactions of methyl radicals with thiols 

By J. A. Kerr and A. F. TRoTMAN-DICKENSON F , ; ; . . 3322 
663 Bis-2 : 3-dichloropropyl disulphide 

By W. Davies and A. V. RoBERTSON 3323 





INDEX OF AUTHORS’ NAMES 


ny E. P., Doyle, F. P., and Nayler, J. H. C., 

066 

Agashe, B.D. See Shoppee, C. W., 3107 

Ahmad, K., Buchanan, G. L., and Cook, J. W., 
3278 

Ansell, M. F., and Thomas, D. A., 3302. 

Arcus, C. L., and Hallgarten, P. A., 3309 

Ashley, J. N., and Berg, S. S., 3089. 

Atkinson, M. R., Shaw, G., and Sugowdz, G., 
3207 

Ayad, K. N., Beard, C., Garwood, R. F., and 
Hickinbottom, W. J., 2981 

Baddeley, G., and Pickles, W., 2855 

Bailey, A. S., Kendall, V. G., Lumb, P. B., Smith, 
J.C. and Walker, C. H., 3027 

a W., McOmie, J. F. W., and Wild, J. H., 

Barker, S. A., Bourne, E. J., Stacey, M., and Ward, 
R. B., 2994 

Barltrop, J. A., and Morgan, K. J., 3072 

Barrass, B. C., and Elmore, D. T., 3134 

Barton, D. H. R., Lewis, D. A., and McGhie, 
J. F., 2907 

Beard,C. See Ayad, K.N., 2981 

Beckett, A. H., and Casy, A. F., 3076 

Berg, S.S. See Ashley, J. N., 3089 

Bevan, C. W. L., and Bye, G. C., 3194 

Bevan, T. H., Malkin, T., and Tiplady, J. M., 3086 

Binh, L.C. See Buu-Hoi, Ng. Ph., 3126 

ee D. A., and Hinshelwood, Sir C., 2898, 

Blair, J. M., and Hey, D. H., 2921 

a T. G., Clayton, J. M., and Williams, G., 

Bourne, E. J.. See Barker, S. A., 2994 





Bradley, D. C., Caldwell, E. V., and Wardlaw, W. 
3039 

Bradley, D. C., Harder, B., and Hudswell, F., 3318 

Branch, S. J., and Jones, B., 3301 

Braunhaitz, J. T., and Mann, F. G., 3285 

Brookes, P., Terry, R. J., and Walker, J., 3165 

Brookes, P., and Walker, J., 3173 

Brown, P. M., Spiers, D. B., and Whalley, M., 2882 

Buchanan, G. L. See Ahmad, K., 3278 

Bullock, E., and Johnson, A. W., 3280 

Bunton, C. A., and Hadwick, T., 3043 

Burford, R. R., Hewgill, F. R., and Jefferies, 
P. R., 2937 

Burn, D., and Rigby, W., 2964 

Burnell, R. H., and Taylor, W. I., 3307 

Buu-Hoi, Ng. Ph., Binh, L. C., Loc. T. B., Xuong, 
Ng. D., and Jacquignon, P., 3126 

Bye, G.C. See Bevan, C. W. L., 3194 

Caldwell, E. V. See Bradley, D. C., 3039 

Cameron, A., and Giles, C. H., 3140 

Casy, A. F. See Beckett, A. H., 3076 

Cheeseman, G. W. H., 3236 

Clayton, J. M. See Bonner, T. G., 2867 

Cook, J. W. See Ahmad, K., 3278 

Cooper, F. C., and Partridge, M. W., 2888 

Cowie, J. M. G., and Greenwood, C. T., 2862 

Cramer, F., Kenner, G. W., Hughes, N. A., and 
Todd, Sir A., 3297 

Crawford, M., and Magill, J. H., 3275 

Crowley, K. J., Millin, D. J., and Polgar, N., 2931 

Cullinane, N. M., and Edwards, B. F. R., 3016 

Cullis, C. F., and Hashmi, M. H., 3080 

Dandegaonker, S. H., Gerrard, W., and Lappert, 
M. F., 2872, 2893 


Davies, A. G., Ebeid, F. M., and Kenyon, J., 3154 . 





XU 





Index of Authors’ Names. 


Davies, A. G., Edwin, E. E., Kenyon, J., and | 


Walsh, A., 3158 
Davies, A. G. Kenyon, J., and Salamé, L. W. F., 
3148 
Davies, A. G., Kenyon, J., and Thaker, K., 3151 
Davies, W., and Robertson, A. V., 3323 
Dean, F. M., and Manunapichu, K., 3112 
de la Mare, P. B. D., and Hassan, M., 3004 
de Surville, B. M. A., Rivett, D. E. A,, 
Sutton, D. A., 3304 
Devereux, J. M., Payne, K. R., and Peeling, 
E. R. A., 2845 
Dewar, M. ‘J. S., and Sampson, R. J., 2946, 2952 
Doyle, F. P. See Adams, E. P., 3066 
Ebeid, F. M. See Davies, A. G., “sine 
Edwards, B. F.R. See Cullinane, N. M., 3016 
Edwin, E. E. See Davies, A. G., 3158 
Elmore, D. T. See Barrass, B. C., 3134 
Emmott, P., and Livingstone, R., 3144 
Evans, A. G., and Lewis, J., 2975 
Finar, I. L., and Hurlock, R. J., 3024 
Finar, I. L., and Lord, G. H., 3314 
Frazer, M. J., 3319 
Garden, J. F., and Thomson, R. H., 2851 
Garwood, R. F. See Ayad, K. N., 2981 
George, P., Hanania, G. I. H., and Irvine, D. H., 
3048 
Gerrard, W. See Dandegaonker, S. H., 
2893 
Giles, C. H. See Cameron, A., 3140 
Govindachari, T. R., Rajadurai, S., Subramanian, 
M., and Viswanathan, N., 2943 
Gray, G. W., and Ibbotson, A., 3228 
Green, M. B., and Hickinbottom, W. J., 3262, 
3270 
Greenwood, C.T. See Cowie, J. M. G., 2862 
Griffiths, V. S., and Pearce, M. L., 3243 
Hadwick, T. See Bunton, C. A., 3043 
Hall, R. H., Todd, Sir A., and Webb, R. F., 
Hallgarten, P. A. See Arcus, C. L., 3309 
Hanania, G.I. H. See George, P., 3048 
Harder, B. See Bradley, D. C., 3318 
Hardy, D. G., Rigby, W., and Moody, D. P., 2955 
Hardy-Klein, M. L., 3312 
Hashmi,M.H. See Cullis, C. *., 3080 
Hassan, M. See dela Mare, P. B. D., 3004 
Henbest, H. B., and Thomas, A., 3032 
Hewgill, F.R. See Burford, R. R., 2937 
Hey, D. H., and Palluel, A. L., 2926 
Hey, D.H. See also Blair, J. M., 2921 
Hickinbottom, W. J. See Ayad, K.N., 
Green, M. B., 3262, 3270 
Hinshelwood, SirC. See Blackadder, D. A., 
2904 


and 


2872, 


3291 


2981, and 


2898, 


Holliday, I. A., and Polgar, N., 2934 

Holroyd, A., Jameson, R. F., Odell, A. L., and 
Salmon, J. E., 3239 

Honeyman, J., and Stening, T. C., 3316 

Hough, L., and Taha, M. I., 3311 

Howell, F. H., and Taylor, D. A. H., 3011 

Hudswell, F. See Bradley, D. C., 3318 

Hughes, N. A. See Cramer, F., 3297 

Hurlock, R. J. See Finar, I. L., 3024 

Ibbotson, A. See Gray, G. W., 3228 

Irvine, D. H. See George, P., 3048 

Jacquignon, P. See Buu-Hoi, Ng. Ph., 3126 

Jameson, R. F. See Holroyd, A., 3239 

Jefferies, P. R. See Burford, R. R., 2937 

Jocelyn, P. C., 3305 

Johnson, A.W. See Bullock, E., 3280 

Jones, B. See Branch, S. J., 3301 

Jones, D.N. See Shoppee, C. W., 3100 

Keene, B. R. T., and Schofield, K., 3181 


| 





Kendall, V.G. See Bailey, A. S., 3027 

Kenner, G. W. See Cramer, F., 3297 

Kenner, J., and Richards, G. N., 3019 

Kenyon, J. See Davies, A. G., 3148, 3151, 3154, 
3158 


Kerr, J. A., and Trotman-Dickenson, A. F., 3322 
Kipping, F. B., and Wren, J. J., 3246, 3251 
Kurzer, F., 2999 

Lane, E. S., 3313 

Lappert, M. F. See Dandegaonker, S. H., 2872 


2893 
Lewis, D. A. See Barton, D. H. R., 2907 
Lewis, J. See Evans, A. G., 2975 
Ley, J. B., and Vernon, C. A., 2987, 3256 
Livingstone, R. See Emmott, P., 3144 
Loc, T. B. See Buu-Hoi, Ng. Ph., 3126 
Lord,G.H. See Finar, I. L., 3314 
Lumb, P. B. See Bailey, A. S., 3027 
MacMillan, J., and Suter, P. J., 3124 
McGhie, J. F. See Barton, D. H. R., 2907 
McOmie, J. F.W. See Baker, W., 3060 
Magill, J. H. See Crawford, M., 3275 
Malkin, T. See Bevan, T. H., 3086 
Mann, F.G. See Braunholtz, J. T., 3285 
Manunapichu, K. See Dean,.F. M., 3112 
Mee, A., Robertson, A., and Whalley, W. B., 3093 
Millin, D. J. See Crowley, K. J., 2931 
Moody, D. P. See Hardy, D. G., 2955 
Morgan, K. J. See Barltrop, J. A., 3072 
Nayler, J. H.C. See Adams, E. P., 3066 
Nigam, S. S., and Weedon, B. C. L., 3320 
Ockenden, D. W., and Schofield, K., 3175 
Odell, A.L. See Holroyd, A., 3239 
O’Sullivan, D. G., and Sadler, P. W., 2916 
Palluel, A.L. See Hey, D. H., 2926 
Partridge, M. W. See Cooper, F. C., 2888 
Payne, K. R. See Devereux, J. M., 2845 
Pearce,M.L. See Griffiths, V. S., 3243 
Peeling, E.R. A. See Devereux, J. M., 2845 
Pickles, W. See Baddeley, G., 2855 
Polgar, N. See Crowley, K. J., 2931, and Holli- 
day, I. A., 2934 
Praill, P. F. G., 3162 
Raison, C. G., 2858 
Rajadurai, S. See Govindachari, T. R., 2943 
Richards, G. N., 3222 
Richards, G. N. See also Kenner, J., 3019 


Rigby, W. See Burn, D., 2964, and Hardy, D.G., 
2955 
Rivett, D. E. A. Seede Surville, B. M. A., 3304 


Robbins, R. F., and Schofield, K., 3186 
Robertson, A. See Mee, A., 3093 
Robertson, A. V. See Davies, W., 3323 
Sadler, P. W. See O’Sullivan, D. G., 2916 
Sakla, A.B. See Tadros, W., 3210 
Salamé, L.W.F. See Davies, A. G., 3148 
Salman, B. C. L., and White, A. G., 3197 
Salmon, J. E. See Holroyd, A., 3239 
Sampson, R. J. See Dewar, M. J. S., 
Satchell, D. P. N., 2878 
Schofield, K. See Keene, B. R. T., 3181, Robbins, 
R. F., 3186, and Ockenden, D. W., 3175 
Sharpe, A. G., and Wakefield, D. B., 3323 
Shaw, G. See Atkinson, M. R., 3207 
Shoppee, C. W., Agashe, B. D., and Summers, 
G. H. R., 3107 
Shoppee, C. W., 
G. H. R., 3100 
Singer, K., and Vamplew, P. A., 3052 
Smith, J.C. See Bailey, A. S., 3027 
Smith, J. W., and Walshaw, S. M., 3217 
Spiers, D. B. See Brown, P. M., 2882 
Stacey, M. See Barker, S. A., 2994 


2946, 2952 


Jones, D. N., and Summers, 








Vili Index of Authors’ Names. 


Stening, T.C. See Honeyman, J., 3316 

Subramanian, M. See Govindachari, T. R., 
2943 

Sugowdz, G. See Atkinson, M. R., 3207 

Summers, G. H. R. See Shoppee, C. W., 3100, 
3107 

Suter, P. J. See MacMillan, J., 3124 

Sutton, D. A. See de Surville, B. M. A., 3304 

Tadros, W., and Sakla, A. B., 3210 

Taha, M.I. See Hough, L., 3311 

Taylor, D. A.H. See Howell, F. H., 3011 

Taylor, W. I. See Burnell, R. H., 3307 

Terrey, H. and Thabit, J., 3064 

Terry, R. J. See Brookes, P., 3165 

Thabit, J. See Terrey, H., 3064 

Thaker, K. See Davies, A. G., 3151 

Thomas, A. See Henbest, H. B., 3032 

Thomas, D. A. See Ansell, M. F., 3302 

Thomson, R. H. See Garden, J. F., 2851 

Tilney-Bassett, J. F., and Waters, W. A., 3129 

Tiplady, J. M. See Bevan, T. H., 3086 

Todd, Sir A. See Cramer, F., 3297, and Hall, 
R. H., 3291 


Trotman-Dickenson, A. F. See Kerr, J. A., 3322 
Tuck, D. G., 3202 

Vamplew, P. A. See Singer, K., 3052 

Vernon, C. A. See Ley, J. B., 2987, 3256 
Viswanathan, N. See Govindachari, T. R., 2943 
Wakefield, D. B. See Sharpe, A. G., 3323 
Walker,C.H. See Bailey, A. S., 3027 

Walker, J. See Brookes, P., 3165, 3173 
Walsh, A. See Davies, A. G., 3158 

Walshaw, S.M. See Smith, J. W., 3217 
Ward, R. B. See Barker, S. A., 2994 
Wardlaw, W. See Bradley, D. C., 3039 
Waters, W. A. See Tilney-Bassett, J. F., 3129 
Webb, R. F. See Hall, R. H., 3291 

Weedon, B.C. L. See Nigam, S. S., 3320 
Whalley, M. See Brown, P. M., 2882 
Whalley, W. B. See Mee, A., 3093 

Wicker, R. J., 3299 

White, A.G. See Salman, B. C. L., 3197 
Wild, J. H. See Baker, W., 3060 

Williams, G. See Bonner, T. G., 2867 


| Wren, J. J. See Kipping, F. B., 3246, 3251 
| Xuong, Ng. D. See Buu-Hoi, Ng. Ph., 3126 





XU 








PAPERS ACCEPTED 


The formation of ketones. Part III. The pyrolysis of sodium acetate and some sodium 
dicarboxylates. By R. I. REEp and (Miss) M. B. THORNLEY 

The rotatory dispersion of L(+)-a-alanine. By M. K. HARGREAVES and P. J. RICHARDSON 

The thermal dissociation of calcium hydroxide. By P. E. HatsrEap and A. E. Moore 

Colour and constitution. PartIII. The effect of methyl substitution on the a- and $-bands of 
the ultraviolet spectrum of alternant hydrocarbons. By D. PETERS 

The toxicity of nitrogen compounds towards catalysts. Part I. Toxicity of ammonia and of 
amines. By E. B. MAxTeED and M. S. Biccs 

Studies in the synthesis of cortisone. Part XX. The infrared absorption of «-halogeno- 
oxosteroids. By E. G. Cummins and J. E. Pace 

Glyceride synthesis by direct esterification. By L. HARTMAN 

The isomeric pyruvamide phenylhydrazones. By R. A. ABRAMOVITCH and IAN D. SPENCER 

Triazaphenanthrenes. Part I. Derivatives of 10-phenyl-] : 3: 9-triazaphenanthrene. By 
C. M. Atkinson and A. R. Mattocks 

Triazaphenanthrenes. Part II. Derivatives of 10-phenyl-1: 2: 9-triazaphenanthrene. By 
C. M. ATKinson and A. R. Mattocks 

Some maleimides, maleamic acids, and phthalimides. By M. Z. Baraxat, S. K. SHEHAB, and 
M. M. Et-SaDR ; 

The interaction of iron and cobalt nitrosyl carbonyls with triaryl phosphites and triaryl- 
phoshines, -arsines, and -stibines. By L. MaLatesta and A. ARANEO 

Codehydrogenases. Part II. A synthesis of nicotinamide nucleotide. By L. J. Haynes, 
N. A. Huaues, G. W. KENNER, and Sir ALEXANDER Topp 

Codehydrogenases. Part III. A synthesis of diphosphopyridine nucleotide (cozymase) and 
some observations on the synthesis of triphosphopyridine nucleotide. By N. A. HuGuHes, 
G. W. KENNER, and Sir ALEXANDER TODD 

The dissociation constants of some cyclic phosphinic acids. By GENNADY M. KosoLaporr and 
ROBERT F, STRUCK 

Physical properties and chemical constitution. Part XXVI. The dipole moments of alkyl- 
benzenes. By C. W. N. Cumper, A. I. VoGEL, and S. WALKER 

Electronic atom and bond populations in unsaturated molecules. By V. W. MASLEN and 
C. A. COULSON 

isoShekkangenin and the synthesis of 4-hydroxycoumarins. By A. H. Girspert, A. McGook1n, 
and ALEXANDER ROBERTSON 

Picrotoxin. Part V. By J. S. E. Horker, K. U. Horker, A. McGooxin, ALEXANDER 
ROBERTSON, K. SARGEANT, and (in part) D. E. HatHway 

The reaction of o-bromoiodobenzene with magnesium and lithium. By Harry HEANEy, 
FREDERICK G. MANN, and IAN T. MILLAR 

Hydrogen bonding of the thiol group in phosphinodithioic acids. By GEorrrEy ALLEN and 
R. O. CoLCLOUGH 

The preparation and quaternisation of o-dimethylaminophenyldiethylphosphine and an 
analogous arsine. By FREDERICK G. MANN and H. R. Watson 

The constitution of complex metallic salts. Part XVII. Palladium derivatives of o-dimethyl- 
aminophenyldiethylphosphine. By FREDERICK G. MANN and H. R. Watson 

The preparation and properties of di-n-butylboronous anhydride. By W. Gerrarp, M. F. 
LaPpPERT, and R. SHAFFERMAN 

The reactions of phosphorothiolates with halogens. By C. J. M. STirRLING 

Biosynthesis of polynucleotides. Part I. The mode of action of ribonuclease. By 
G. R. Barker, M. D. MontaGueE, R. J. Moss, and MARGARET A. PARSONS 

The sex-attractant of the silkworm moth (Bombyx mori). By EL S. Amin 

Hydrogenolysis of aromatic carbonyl compounds and alcohols with aluminium chloride and 
lithium aluminium hydride. By B. R. Brown and A. M. S. WHITE 

Further new tropine derivatives. By R. Foster, P. J. Gooprorp, and H. R. Inc 

Molecular-orbital calculations on circumanthracene. By R. PAauncz 

Immunopolysaccharides. Part VI. The isolation and properties of the dextransucrase of 
Betacoccus avabinosaceous. By R. W. Battery, S. A. Barker, E. J. Bourne, and 
M. STACEY 

Immunopolysaccharides. Part VII. The transglucosylase action of Betacoccus arabinosaceous 
dextransucrase. By R. W. BalLey, S. A. BARKER, E. J. BourNnE, and M. Stacey 








x Papers Accepted. 


Studies of Aspergillus niger. Part VII. The enzymic synthesis of 3-O-8-p-glucopyranosyl-p- 
xylose. By S. A. BARKER, E. J. Bourne, G. C. HEwitt, and M. Stacey 

Constituents of the lipids of tubercle bacilli. Part VIII. Studies on mycolic acid. By 
E. D. MorGan and N. PoLGaAR 

A synthesis of 7 : 8-benzonaphtho(2’: 1’-3: 4)fluorene. By Nc. Pu. Buu-Hof and G. Sarnt- 
Rur 

The properties of the anhydride and esters of diphenylboronous acid. By E. W. ABEL, 
W. GERRARD, and M. F. LAppPpEerRtT 

Complex fluorides. Part IX. The magnetic moment of hydrated cobalt(1m) fluoride. By 
H. C. Crark, B. Cox, and A. G. SHARPE 

Synthesis of (--)cytisine. By T. R. Govrnpacnart, S. Rayapurar, H. SUBRAMANIAN, and 
B. S. THYAGARAJAN 

The oxides of uranium. Part VIII. The system uranium dioxide-yttria. By I. F. FErcuson 
and P. G. T. Foce 

Organometallic and organometalloidal fluorine compounds. Part XIII. Trifluoromethyl 
derivatives of antimony. By J. W. Dae, H. J. Emertus, R. N. HaszeEtpineg, and 
J. H. Moss 

Dibenz{b,fjoxepins and related compounds. By J. D. Loupon and L. A. SuMMERs 

Extrusion of sulphur. Part I. Formation of phenanthrenes from dibenzo[d,f]thiepins. By 
J. D. Loupon, A. D. B. SLoan, and L. A. SUMMERS 

Extrusion of sulphur. Part II. A new route to phenanthridine derivatives. By A. D. 
JARRETT and J. D. Loupon 

A proof of the structure of methyl $-p-fructofuranoside prepared enzymically from sucrose and 
methanol. By J. S. D. Bacon and D. J. Bett 

Synthetic applications of activated metal catalysts. Part IV. The formation of dimeric 
products during desulphurisations. By G. M. BapGErR and W. H. F. SassE 

Polymerisation of flavans. Part I. The condensation of methoxybenzyl alcohols with 
phenols. By B. R. Brown, W. Cummincs, and G. A. SOMERFIELD 

Steroid sulphates. Part I. Some solvolytic reactions of the salts of steroid sulphates. By 
JEAN McKenna and J. K. NORYMBERSKI 

Steroid sulphates. Part II. Cholestan-38-yl methyl sulphate and cholesteryl methyl 
sulphate. By JEAN McKenna and J. K. NORYMBERSKI 

Researches on monolayers. Part VI. A study of reactions in surface films of acetates and 
ketones and their relationship to adsorption by cellulose acetate. By A. CAMERON, 
C. H. Girss, and T. H. McEwan 

Complex fluorides. Part X. The lattice constants and infrared spectra of the fluorosulphates. 
By D. W. A. SHARP 

The periodate oxidation of some thioacetals and sulphones. By L. HouGcH and Maumoup I. 
TAHA 

Methyl] 2-oxohexacosanoate. By N. G. Boast and N. PoLGAR 

Some experiments with di-indolyls. By S. A. FASEEH and JOHN HaRLEY-Mason 

An example of correlation between Taft’s o* parameters and infrared frequencies. By 
D. G. O’SULLIVAN and P. W. SADLER 

Studies with acetylenes. Part II. Some reactions of Grignard reagents with propargylic 
halides. Model linoleic and linolenic acid systems. By S.S. Nicam and B. C. L. WEEDON 

Characteristic infra-red absorption frequencies in the cis—tvans-isomers of dimeric nitroso- 
alkanes. By B. G. GowENLOcK, H. SPEDDING, J. TROTMAN, and D. H. WHIFFEN 





XU 








[1957] Devereux, Payne, and Peeling. 2845 


555. Catalytic Hydrogenation. Part I. The Hydrogenation of 
Unsaturated Amines over Platinic Oxide. 


By J. M. DEVEREUX, (in part) K. R. Payne, and E. R. A. PEELING. 


The kinetics of hydrogenation of a number of unsaturated amines over 
platinic oxide in 95% aqueous ethanol containing varying amounts of hydro- 
chloric acid have been determined. The results show that, while weakly 
basic aromatic amines are non-toxic to platinic oxide, the more strongly 
basic hydrogenated amines and aromatic amines are toxic; also that the 
faster hydrogenation of amines in acid solutions is due to the formation 
there of non-toxic ammonium ions in place of toxic free bases. 


CaTALYTIC hydrogenation of aromatic compounds containing basic nitrogen in solution 
over platinum is slow compared with, for instance, that of benzene. Hydrogenaticn of 
these bases is considerably faster in acid or if the hydrochloride is used instead of the free 
base. 

Maxted and Walker } attributed slow hydrogenation of pyridine in aqueous solution 
to a self-poisoning effect of pyridine and piperidine. They suggest that the free electron 
pair on the nitrogen atom of pyridine and piperidine leads to a strong adsorption by the 
metallic catalyst and that in acid solution these toxic molecules will be rendered non- 
toxic by conversion into ’inium ions in which the free electron pair is shielded by a proton. 
In support of this they showed that the rate of hydrogenation of pyridine increased pro- 
gressively with the addition of mineral acid and reached a maximum beyond the neutralis- 
ation point. 

In this paper we report a kinetic study of the hydrogenation of a number of aromatic 
amines over Adams platinic oxide catalyst in 95% aqueous ethanol. 


RESULTS ; 

The amines investigated were NN-dimethylaniline, NN-dimethyl-m- and -p-toluidine, 
pyridine, pyrrole, quinoline, and NN-dimethyl-phenetkylamine and -benzylamine. 

The kinetic results for pyridine and NN-dimethylaniline are shown in Figs. 1 and 2, in 
which the hydrogen absorbed is plotted against the time. With hydrochloric acid present 
the initial rate, after the reduction of the catalyst, is many times greater than that in the 
absence of acid and, for NN-dimethylaniline, is little affected by the amount of acid added. 
For pyridine the initial rate is virtually constant from 0-3 to 0-7 equivalent of acid but doubles 
between 0-7 and 2-0 equivalents of acid. The maximum rate of change of hydrogenation with 
change in acid amount occurs at 1-0 equivalent. In all cases the initial rate of hydrogenation 
is not very different from that of benzene under similar conditions. 





TABLE 1. 

HCl H,absd. H, absorbed for Initial HCl Hy,absd. H, absorbed for Initial 
added rapidly complete hydrogen- rate added rapidly complete hydrogen- rate 
(equiv.) (ml.) ation (calc.) (ml.) (ml./min.) (equiv.) (ml.) ation (calc.) (ml.) (ml./min.) 

NN-Dimethyl--toluidine Pyrrole 
0-22 100 430 ll 0-00 -- 220 ~ 2 
0-44 195 430 ll 0-25 65 220 ~12 
0-66 300 430 ll 0-50 120 220 ~12 
2-2 430 430 10 1-0 220 220 ~12 
NN-Dimethyl-m-toluidine 
0-21 110 455 10 
0-42 210 455 ll 
0-63 305 455 11 
0-84 410 455 11 
1-05 460 455 12 


In the absence of acid hydrogenation of pyridine and NN-dimethylaniline was very slow 
and stopped before completion. 


1 Maxted and Walker, J., 1948, 1093. 
5a 
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The most notable feature, however, of the hydrogenations in the presence of acid is the 
variation of the extent of the fast reaction with the amount of acid added initially. Figs. 1 
and 2 show that the reaction becomes much slower when the amount of hydrogen absorbed 
corresponds to the formation of a quantity of hydrogenated amine equal to the amount of acid 
added initially. The slow rate is similar to the rate without the addition of acid. 
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Similar results were obtained with NN-dimethyl-m- and -p-toluidine and pyrrole (see 
Table 1). 

NN-Dimethyleyclohexylamine reduces the extent of the fast stage in hydrogenation of 
NN-dimethylaniline in acid (Fig. 3), the effect increasing with the amount added. 

Fig. 4 shows that hydrogenation of quinoline proceeds in two stages, consecutively complete 
conversion into 1: 2:3: 4-tetrahydroquinoline and reduction to decahydroquinoline. The 
rate of the first stage is independent of the amount of acid added. The reaction in absence of 
acid is slower than in its presence but the amount of acid needed to increase the rate is so small 
that the slow rate is undoubtedly due to the presence of the small amount of alkali often found 


in Adams catalyst. The effect of acid on the rate of the second stage is similar to that for 
NN-dimethylaniline. 
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In hydrogenation of NN-dimethylphenethylamine (Fig. 6) the initial rate increases with 
the amount of acid added and there is no abrupt change in the rate during the reaction. 


Fic. 4. Hydrogenation of quinoline (0-0073 mole) 
in 100 mi. of solution containing HCl as follows : 


Fic. 3. Hydrogenation of NN-dimethyl- (1) 0-1, (2) 0-3, (3) 0-5, (4) 1-0, (5) 0 equiv. 
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The fastest hydrogenation is obtained with >1 mol. of acid. The product was exclusively 
NN-dimethyl-2-cyclohexylethylamine. j 

Hydrogenation of NN-dimethylbenzylamine differed in many respects from that of the 
other substances (see Fig. 5). The volumes of hydrogen absorbed in presence of >1 mol. of 
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acid disclosed hydrogenolysis in addition to ring hydrogenation, and the products formed in 
the presence of <1 mol. of acid were exclusively those of hydrogenolysis, namely toluene and 
dimethylamine. No detectable dimethylaminomethylcyclohexane was formed under these 
conditions. 
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DISCUSSION 

The general conclusion which we draw from our results is that an “ unshielded ”’ 
nitrogen atom is non-toxic if it is adjacent to an aromatic ring, as in NN-dimethylaniline 
and pyridine, and toxic if it is adjacent to a saturated system as in NN-dimethyleyclo- 
hexylamine, piperidine, and NN-dimethylbenzylamine. When a nitrogen atom is 
adjacent to an aromatic ring the availability of the nitrogen lone electron pair for co- 
ordinate-bond formation with the platinum catalyst surface is much less than when the 
nitrogen atom is adjacent to a saturated’ system, and we suggest that this reduced avail- 
ability of the lone electron pair accounts for the non-toxicity of NN-dimethylaniline and 
pyridine. The availability of the nitrogen lone electron pair is also reflected in the basic 
strength of the amine and we find that it is the very weak aromatic bases which are non-toxic 
while the stronger alicyclic bases are toxic. We shall discuss our results in this general 
light. 

Pyridine, NN-dimethyl-aniline, -m-toluidine, and -f-toluidine, and pyrrole are hydro- 
genated similarly in -he presence of varying amounts of hydrochloric acid. In its absence 
the rate is slow compared with that for benzene. Hydrochloric acid leads to some 8—10 
times faster rates, the extent of this fast reaction being greater the more acid is added 
initially. 

NN-Dimethylantline.—The initial rates of hydrogenation in the presence of up to 1 mol. 
of hydrochloric acid are virtually constant and similar to that of benzene : NN-dimethyl- 
aniline is present at the start and it cannot therefore be toxic to the catalyst. NN-Di- 
methylcyclohexylamine formed in the reaction, being a much stronger base than NN-di- 
methylaniline, progressively displaces it from its hydrochloride until the displacement is 
complete. After this, free NN-dimethylcyclohexylamine will be formed and at this point 
the rate of hydrogenation falls to a value similar to the rate in the absence of acid ; that is, 
the system behaves as though the catalyst has been poisoned. The only change that has 
occurred is that free NN-dimethylcyclohexylamine has started to be formed and this 
substance must be a catalyst poison. 

Substantially similar results should occur whenever a weak base is converted on 
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hydrogenation into a strong base. This is so also with NN-dimethyl-m- and -f-toluidine, 
pyridine, and pyrrole (for pK, values see Table 2). 








TABLE 2. 
Amine pK, (25°) Solvent Ref. 
NN-DimmatlegPAe a ssnrecrccaccvcesssccesccccssccscssesossacece 5-06 H,O 3 
NN-Dimethyl-m-toluidine .......secccescecceeseecerereneeceeeees 4-94 H,O 3 
NN-Dimethyl-p-toluidine  ..........cccccscsccccccccccccoscccccocs 5-33 H,O 3 
PUM  Sncicccwasssdencescrsa<sicatsndcvenssetmeveniscecsssevscestesn 5-19 H,O 3 
PYBTONR  neccaccccecsccscsvecscocsoscscossees eccccccccoscceccccsccsccese 0-4 H,O 4 
QIMOHEMS recccccccccccccccccccccccccoccscccccescscccccesccesccccscose 5-06 H,O 5 
NN-Dimethylceyclohexylamine  ...........secsseccsscsessceeeees 10-48 H,O 6 
NN-Dimethyl-3-methyleyclohexylamine  .........seseeseeeeee 10-51 * H,O 6 
NN-Dimethyl-4-methyleyclohexylamine  ............eeseseee 10-46 * H,O 6 
PIOEIEERD ccncccccccccscscsvsesccccccccososececoseces “ 11-12 H,O 7 
PPRGEIING asec sccccccescncssennescocse 11-10 H,O 8 
1: 2:3: 4-Tetrahydroquinoline .. 3-1 MeOH 9 
NN-Dimethylphenethylamine 8-6 45% EtOH/H,O- 6 
NN-Dimethylbenzylamine ........ 8-25 ‘a 6 
NN-Dimethyl-2-cyclohexylethylamine .... - 8-92 és 6 
Dimethylaminomethyleyclohexane  —s.«. . se seeseceeeeeeceeeeee 9-05 és 6 


* For the cis-isomer. 


Pyridine.—Hydrogenation of this differs from that of NN-dimethylaniline in two 
respects. Its rate in the absence of acid is slower, and its initial rate is almost doubled 
when the amount of hydrochloric acid is increased from 0-3 to 2-0 equivalents. 

Hydrogenation of NN-dimethylaniline in the absence of acid leads to the formation 
of only a small quantity of NN-dimethylcyclohexylamine, the main products being dimethyl- 
amine and benzene. The rate measured, therefore, is not the rate of ring hydrogenation 
but the rate of hydrogenolysis. The rate of ring hydrogenation of NN-dimethylaniline 
is therefore not very different from the rate of ring hydrogenation of pyridine. 

The difference in the change in initial rates with change in amounts of acid is probably 
due to the different toxicities of piperidine and NN-dimethyleyclohexylamine. Some 
unpublished experiments carried out in this laboratory show that piperidine is more toxic 
than NN-dimethylceyclohexylamine. Owing to hydrolysis by the solvent some free 
piperidine will always be present and the amount will decrease as the acid concentration 
increases; the rate of hydrogenation will increase as the amount of acid increases. The 
lower toxicity of NN-dimethylcyclohexylamine causes only a small rise in rate for the 
same change in amount of added acid. 

Quinoline.—Hydrogenation of quinoline occurs in stages, first to 1: 2:3: 4-tetra- 
hydroquinoline and then to decahydroquinoline. In the first stage the product is a weaker 
base than the reactant. So, on our suggestion, the absence of change in rate with addition 
of acid is to be expected. 

The second stage of the hydrogenation leads to the more strongly basic decahydroquinoline 
and, as Fig. 4 shows, the extent of the non-poisoned reaction is determined by the amount 
of acid added initially. 

NN-Dimethylphenethylamine.—Both NN-dimethylphenethylamine and NN-dimethyl- 
2-cyclohexylethylamine are strong bases, compared with pyridine. Both amines should 
therefore be toxic and, as the results show, the initial rate of hydrogenation of N N-dimethyl- 
phenethylamine increases as the concentrations of the free bases are reduced by the addition 
of acid. The rate reaches a maximum beyond the equivalence point because hydrolysis 

2 Baltzly and Phillips, J. Amer. Chem. Soc., 1946, 68, 261. 

3 Hall and Sprinkle, ibid., 1932, 54, 3469. 

* Hall, ibid., 1930, 52, 5123. 

5 Arnall, J., 1920, 835. 

* Brewster, Ph.D. Thesis, London, 1956. 

7 Adams and Mahan, J. Amer. Chem. Soc., 1942, 64, 2588. 


* Craig and Hixon, ibid., 1931, 58, 4370. 
* Oldham, tbid., 1939, 61, 3289. 
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of the amine ions by the solvent produces sufficient free base partially to poison the catalyst. 
No hydrogenolysis of the dimethylamino-group occurred and the only product isolated 
was the corresponding hexahydro-compound. 

NN-Dimethylbenzylamine.—The hydrogenation of benzyl compounds frequently leads to 
hydrogenolysis in addition to hydrogenation of the aromatic ring. The results show that 
for Ph-CH,*NMe, hydrogenolysis exclusively occurs in solutions containing less than one 
equivalent of acid and to a substantial extent in solutions containing more than an equiva- 
lent of acid. Also the toluene formed in the hydrogenolysis is only later hydrogenated to 
methyleyclohexane in solutions containing more than an equivalent of acid. Since both 
the reactant and the product are strong bases, they will both be catalyst poisons to the 
ring hydrogenation, which should be slow in solutions containing less than an equivalent of 
acid and rapid only in solutions containing more than an equivalent of acid, as found 
experimentally. However, the hydrogenolysis is not susceptible to poisoning by the 
strong bases, although the subsequent hydrogenation of toluene only proceeds in the 
solutions containing more than an equivalent of acid. Probably therefore hydrogenolysis 
and hydrogenation proceed by different mechanisms rather than by the mechanism 
proposed by Baltzly and Phillips.? 


EXPERIMENTAL 


Materials.—Absolute ethanol was shaken with alumina (chromatographic grade; 5 g./l.) 
to remove potential catalyst poisons, filtered, and fractionally distilled. 95° Aqueous ethanol 
was prepared by diluting the purified ethanol with 5% v/v of conductivity water. Successive 
batches of solvent were checked for composition by measurement of density. The acid solutions 
were prepared by diluting 2N-ethanolic hydrochloric acid which had been prepared by passing 
dry hydrogen chloride into 95% aqueous ethanol. Adams platinic oxide catalyst was 
prepared !° from chloroplatinic acid (3-5 g.) and sodium nitrate (35 g.). The catalysts from a 
number of such experiments were suspended in water, mixed, filtered off, dried at 30°, and 
passed through a 100-mesh sieve before use. The activities of various batches of cataiyst were 
determined by measuring the rate of hydrogenation of pyridine under standardised <aditions. 
Hydrogen was prepared by electrolysing 6N-potassium hydroxide with nickel e: :ct:odes. 

“AnalaR’”’ pyridine, ‘‘ AnalaR’’ NN-dimethylaniline, NN-dimethyl-m-toluidine and 
-p-toluidine, pyrrole, and quinoline were purified and dried by standard methods. NN-Di- 
methylbenzylamine (75% yield), b. p. 75°/26 mm., and NN-dimethyiphenethylamine (50% 
yield), b. p. 121-2°/57 mm., were prepared by methylating the corresponding primary amines 
with formic acid and formaldehyde. NN-Dimethylcyclohexylamine, b. p. 94°/86 mm., 
was prepared by hydrogenating NN-dimethylaniline in 959% aqueous ethanol containing an 
excess of hydrochloric acid, over platinic oxide. 

Kinetic Measurements.—Hydrogenations were carried out in a 250 ml. bottle or flask attached 
to a shaker, immersed in a water-bath at 30° + 0-1°, and connected by means of polyvinyl 
chloride tubing to a gas burette containing hydrogen. The rates of hydrogenation could be 
reproduced to +5%. 

Isolation and Analysis of Products—Hydrogenation of NN-dimethylbenzylamine. (a) In 
solutions containing less than one equivalent of acid. NN-Dimethylbenzylamine (2-7 g.) in 95% 
aqueous ethanol (100 ml.) with platinic oxide (0-4 g.) absorbed 490 ml. of hydrogen. The 
platinum was filtered off, and the filtrate made acid by hydrochloric acid and fractionated 
(60 cm. column packed with glass helices). To the fraction boiling up to 78° (5 ml.), saturated 
calcium chloride solution was added and the upper layer (0-5 ml.) separated, dried (CaCl, and 
Na), and distilled; it had b. p. 108°/760 mm., n? 1-490 (toluene: 110°/760 mm., n?5 1-494). 
The residue from the fractionation was made alkaline with sodium hydroxide solution and 
refractionated. The first fraction was passed into dilute hydrochloric acid, which on 
evaporation gave a buff-coloured solid forming a picrate, m. p. 158° (dimethylamine picrate, 
m. p. 156°). (Dimethylamine' was quantitatively estimated in other experiments by passing 
the first fraction from the fractionation from alkaline solution into an excess of standard hydro- 
chloric acid and back-titration with sodium hydroxide to methyl-red.) Fractionation was 


10 Org. Synth., Coll. Vol. I, Ist Edn., p. 452. ’ 
1! Clarke, Gillespie, and Weisshaus, J. Amer. Chem. Soc., 1933, 55, 4571. 
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continued until the whole of the solvent had been removed. Water was added to the residue 
and the upper layer (0-5 ml.) separated, dried (KOH), and distilled; it had b. p. 181°/750 mm., 
n? 1-4985 (NN-dimethylbenzylamine, b. p. 182°/760 mm., n?° 1-4996). 

(b) In solutions containing more than one equivalent of acid. A solution of NN-dimethyl- 
benzylamine (0-96 g.) in 95% aqueous ethanol (100 ml.) with platinic oxide (0-2 g.) absorbed 
540 ml. of hydrogen. Fractionation as described above gave three compounds: b. p. 101°/760 
mm., n} 1-4205 (methylcyclohexane, b. p. 101°/760 mm., n? 1-4206); a gaseous amine giving a 
picrate, m. p. 158° (dimethylamine picrate, m. p. 156°) ; and an amine, b. p. 173°/751 mm. (Found : 
C, 76-3; H, 13-3; H, 10-1. C,H,,N requires C, 76-5; H, 13-6; N, 9-9%). The picrate had 
m. p. 133°. 

Hydrogenation of NN-Dimethylphenethylamine.—A solution of the amine (1-5 g.) in 95% 
aqueous ethanol (100 ml.) containing the required amount of hydrochloric acid and platinic 
oxide (0-2 g.) absorbed 670 ml. of hydrogen. The platinum was filtered off, and tie filtrate made 
acid, if not already so, by hydrochloric acid, and fractionated. To the first 5 ml. of distillate 
saturated calcium chloride solution was added. No separation into two layers occurred. To 
the residue from the fractionation, sodium hydroxide solution was added until the solution 
became alkaline and the residue was then fractionated. No low-boiling amine was obtained. 
After removal of the solvent the residue had b. p. 93—94°/28 mm. and gave a hydrochloride, 
m. p. 244°. Blicke and Monroe ™ record m. p. 238—239° for NN-dimethyl-2-cyclohexylethyl- 
amine hydrochloride. 


We thank the Chemical Society for a grant for the purchase of platinum. 


THE UNIVERSITY, LEICESTER. . [Received, January 19th, 1957.] 


12 Blicke and Monroe, ibid., 1939, 61, 91. 





556. Hydroxybenzotropones. Part IV.* 1:2:3:4-Tetrahydro- 
5 : 8-dimethoxy-2 : 3-methylene-1 : 4-dioxonaphthalene. 


By J. F. GARDEN and R. H. THomson. 


The compound previously regarded as (I) is now shown by synthesis to 
be (II; R = OMe). Anomalies in the ultraviolet absorption of this type of 
compound are discussed. 

Two syntheses of 4 : 7-dimethoxyindane-1 : 3-dione are reported. 


In Part I ! we described the synthesis of a compound, regarded as the benzocyclohepta- 
dienedione (I), the structure being partly supported by comparison with another considered 
to be the indane (III). We have since shown? that the latter is in fact a dimethoxy- 
coumarin and have therefore reconsidered structure (I). We noted previously that 
much of the evidence for structure (I) would also satisfy the isomer (II; R = OMe); the 
issue has now been decided by synthesis of the latter. The cyclopropane (II; R = H) has 
recently been obtained * by dibromination of the dione (IV; R = H) and treatment of the 
crude product with excess of sodium iodide in acetone. Applying this procedure to our 
dimethoxy-dione (IV; R = OMe) we obtained a product which contained the desired 
material but it proved more satisfactory to convert the corresponding dihydroxy-dione 
(IV; R = OH) into the cyclopropane (II; R = OH) and methylate the product. The 
dione (II; R = OH) is very similar to $-hydronaphthazarin, showing the same blue 
fluorescence in organic solvents, but of course it does not enolise in alkaline solution. The 
compound (II; R = OMe) thus obtained is identical with the substance previously 


* Part III, J., 1955, 2244. 

1 Sorrie and Thomson, J., 1955, 2233. 

2 Garden, Hayes, and Thomson, /J., 1956, 3315. 
3 Buchanan and Sutherland, J., 1956, 2620. 








2852 Garden and Thomson: 


regarded as (I). The new material is virtually colourless; the colour of our earlier 
specimen can be removed by crystallisation from methanol and chromatography. 

Among the evidence previously advanced in favour of structure (I), rather than (II; 
R = OMe), was solubility in hot alkali and failure to form a naphthazarin when heated 


Meo =O rR oO Meo O rR oO 
OG ) a 
rN SX 
MeO | (1) m i 6 MeO G (i) (iy R B 
1 
Meo RR Meo OAc rR oO 
(VY) MeO § (VI) MeO Jae R OH (VII) 


with hydrobromic acid-acetic acid. The essential facts have been confirmed. The dione 
(II; R = OMe) forms a yellow solution in hot aqueous sodium hydroxide but is rapidly 
deposited unchanged on cooling: this must be a process of physical solution, not enolis- 
ation. The dione (II; R = OMe) rapidly decomposed in hot hydrobromic acid-acetic acid 
forming a black, alkali-insoluble, precipitate. However, when the diluted filtrate was 
made alkaline a trace of a naphthazarin was indicated by the colour change. The ultra- 
violet absorption of these compounds also shows some unexpected features. In Part II4 
we pointed out that conversion of brominated dimethoxybenzocycloheptenediones into 
tetrahydromethylenedioxonaphthalenes (II) resulted in a bathochromic shift (ca. 50 my) 
of their long-wavelength bands which we ascribed to conjugation of the three-membered 
ring with the adjacent carbonyl groups. We now find that the shift for the compounds 
(IV; R = OMe) and (II; R = OMe) is again of the same order (from 330 my to 370 my), 
whereas the dihydroxy-diones (IV; R = OH) and (II; R = OH) both have the same 
long-wave maximum (at 401 my). Buchanan and Sutherland * observed also that (IV; 
R = H) and (II; R =H) showed only a trifling displacement (ca. 5 my) of this band 
which was true of all their compounds, none of which contains feri-substituents. Our 
original interpretation is therefore wrong and it seems much more likely that the displace- 
ments which occur in the peri-methoxy-compounds have a steric origin. From the infra- 
red spectra of the diones (IV; R = OMe and H) and related compounds it was concluded 5 
that the carbonyl groups in (IV; R = OMe) are forced out of the plane of the benzene ring 
by the methoxyl groups. On bridging the seven-membered ring to form the dioxotetralin 
(IL; R = OMe) coplanarity of the carbonyl groups with the benzene ring is largely restored 
and the increased conjugation is revealed in (a) a shift of the carbonyl band in the infrared 
spectrum from 1702 (in IV; R = OMe) to 1687 cm. (in IL; R = OMe) (in CHC],: for 
comparable data see ref. 5), and (b) a bathochromic displacement of the long-wavelength 
band in the ultraviolet region. In the absence of the methoxy] groups the effect of bridging 
the seven-membered ring is much smaller as the carbonyl groups in ([V; R = H) lie not 
far from the plane of the benzene ring [vo=o 1689, and for (II; R = H) veo 1684 cm.-, 
both in CHCI,] and in the pair (IV; R = OH) and (II; R = OH) coplanarity is enforced 
by strong intramolecular hydrogen bonding. In (IV; R = OH) the carbonyl band is at 
1638 and in (II; R = OH) at 1636 cm.“ (both in CHCI,). 

There remains the problem of how the cyclopropane derivative (II) arose from the 
dienol acetate (VI) in the original synthesis. From this compound (or the monoenol 


* Sorrie and Thomson, /., 1955, 2238. 
5 Farmer, Hayes, and Thomson, J., 1956, 3600. 
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acetate) and methanolic potassium hydroxide an orange-red solution is obtained but none 
of the products isolated after acidification gave an orange-red colour in alcoholic alkali. 
This suggests that the hydroxybenzotropone (VII; R = OMe) may be formed initially 
and is then rearranged to the dione (II). Treatment of the hydroxybenzotropone (VII; 
R =H) with diazomethane yields the bridged compound (II; R =H) as well as the 
expected methyl ether.® 

The authentic dimethoxyindanedione (III) has now been synthesised by Claisen 
condensation of dimethyl 3: 6-dimethoxyphthalate with ethyl acetate, and also by 
condensing 3 : 6-dimethoxyphthalic anhydride with acetic anhydride in the presence of 
potassium acetate to give the phthaloylacetic acid (V; RR’ = CH-CO,H) which was 
rearranged to the desired indanedione on treatment with sodium methoxide. Alkaline 
hydrolysis of the 6-diketone (III) leads to 2-acetyl-3 : 6-dimethoxybenzoic acid isolated as 
the tautomeric lactol (V; R= Me, R’ =OH). The latter was also obtained from the 
acid (IV; RR’ = CH-CO,H) by hydrolysis with aqueous sodium hydrogen carbonate. An 
attempted synthesis of the indanedione (III) by direct condensation of malonic acid 
with quinol dimethyl ether in trifluoroacetic anhydride yielded only 2 : 5-dimethoxy- 
acetophenone. 


EXPERIMENTAL 


4 : 7-Dimethoxyindane-1 : 3-dione.—(a) (cf. ref. 7) Finely powdered 3 : 6-dimethoxyphthalic 
anhydride (6 g.), freshly fused potassium acetate (4 g.), and acetic anhydride (8 ml.) were heated 
on a steam-bath for 2 hr., and then kept at 150—155° (oil-bath) for 3 hr. The cooled mixture 
was stirred with water (20 ml.). The precipitate was washed with water and cold methanol 
until the filtrate was colourless, and then stirred into aqueous sodium hydrogen carbonate (5%). 
Acidification of the filtered solution with dilute hydrochloric acid gave 3 : 6-dimethoxyphthaloyl- 
acetic acid, yellow needles (from dioxan), m. p. 264° (39%) (Found : C, 57-7; H, 4:1. C,H 0, 
requires C, 57-6; H, 4:0%). Sodium methoxide [from sodium (1-5 g.) and methanol (15 ml.)] 
was added with vigorous shaking to a solution of this acid (1-5 g.) in methanol (35 ml.). The 
resulting jelly was set aside for 2 hr., then heated on a steam-bath for 5 hr. with occasional 
shaking, cooled, and left overnight at room temperature. The yellow sodium salt was collected, 
dried, and dissolved in hot dilute hydrochloric acid (20 ml.). The cooled solution was extracted 
with chloroform, and the extract dried (CaCl,) and evaporated. 4: 7-Dimethoxyindane-1 : 3- 
dione formed needles (from methanol), m. p. 201° (81%) (Found: C, 63-9; H, 5-1. C,H yO, 
requires C, 64:05; H, 4:9%). Light absorption: Amax. (in EtOH), 259, 360, and 441 my (log 
e 4-34, 3-71, and 3-35, respectively) ; vg=o (in CHCI,), 1708 and 1740 cm.*?. 

(6) Dimethyl 3 : 6-dimethoxyphthalate (1-7 g.), ethyl acetate (4 ml.), and powdered sodium 
(0-3 g.) were heated with ethanol (2—3 drops) on a steam-bath for 6 hr., and then left overnight 
at room temperature. The precipitate was collected, washed with a little cold ethyl acetate, 
and dried. The sodio-derivative was dissolved in warm N-hydrochloric acid (50 ml.), and the 
solution cooled and extracted with chloroform. The residue from the dried extract was 
sublimed at 150°/0-1 mm. and then crystallised from methanol, forming needles, m. p. 201° 
(280 mg.), identical with those obtained in (a). The dioxime separated from dimethylformamide 
in microcrystals, m. p. 295—298° (decomp.) (Found: C, 55-7; H, 5-0; N, 11-6. C,,;H,,0,N, 
requires C, 55-9; H, 5-1; N, 11-85%); the benzylidene derivative formed yellow needles, m. p. 
218° (from methanol) (Found: C, 73-3; H, 4:7. C,sH,,O, requires C, 73-45; H, 4-8%). 

3-Hydroxy-4 : 7-dimethoxy-3-methylphthalide—The above dione (0-3 g.) was refluxed in 
2n-sodium hydroxide (7 ml.) for 1 hr., cooled, and acidified with dilute hydrochloric acid. The 
precipitated lactol formed slender needles (from water), m. p. 200° (160 mg.) (Found: C, 58-7; 
H, 5:2. C,,H,,0; requires C, 58-9; H, 5-4%), vg=-o 1770, voy 3581 cm. (in CHCl,). The same 
compound was obtained by warming a solution of 3 : 6-dimethoxyphthaloylacetic acid in aqueous 
sodium hydrogen carbonate. 

2 : 5-Dimethoxyacetophenone—A mixture of quinol dimethyl ether (1 g.), malonic acid 
(1 g.), and trifluoroacetic anhydride (3-5 g.) was kept at 50—60° for 6 hr., then cooled and 
poured into excess of aqueous sodium hydrogen carbonate (5%). The dried ethereal extract 


® Buchanan, J., 1954, 1060. 
7 Koelsch and Prill, J. Amer. Chem. Soc., 1945, 67, 1296. 
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was distilled at 0-05 mm. to give unchanged quinol dimethyl ether, b. p. 120—125° (bath temp.), 
m. p. 56°, and a fraction, b. p. 140—145° (bath temp.), m. p. 21° (needles). 2: 5-Dimethoxy- 
acetophenone 2 : 4-dinitrophenylhydrazone had m. p. and mixed m. p. 172°. 

1:2:3: 4-Tetrahydro-5 : 8-dimethoxy-2 : 3-methylene-1 : 4-dioxonaphthalene.—(a) A solution 
of bromine (1-5 ml., 2 mol.) in acetic acid (5 ml.) was added to one of 1’ : 4’-dihydroxybenzo- 
cycloheptene-3 : 7-dione (3-1 g.) in the same solvent (40 ml.). After 48 hr. the crystals of 
4 : 6-dibromo-1’ : 4’-dihydroxybenzocycloheptene-3 : 7-dione were collected. They formed fine 
yellow needles [from light petroleum (b. p. 100—120°)], m. p. 180° (58%) (Found: C, 36-3; H, 
2-2; Br, 44-0. C,,H,O,Br, requires C, 36:3; H, 2-2; Br, 43-9%). The dibromo-compound 
(2-8 g.) and sodium iodide (12 g.) in acetone (100 ml.) were refluxed for 2hr. On cooling, iodine 
was removed by addition of excess of aqueous sodium thiosulphate and the acetone by warming. 
1: 2:3: 4-Tetrahydro-5 : 8-dihydroxy-2 : 3-methylene-1 : 4-dioxonaphthalene separated in bright 
yellow needles [from light petroleum (b. p. 100—120°)], m. p. 173° (66%) (Found: C, 64-5; H, 
3-85. C,,H,O, requires C, 64:7; H, 3-95%). Light absorption in EtOH : Amax. 230, 260, and 
401 mu (log ¢ 4-20, 4-03, and 4-02, respectively). It formed a stable orange solution in aqueous 
sodium carbonate. A solution of this dihydroxy-dione (0-7 g.) in acetone (30 ml.) was refluxed 
for 1 hr. with dimethyl sulphate (3-5 ml.) and anhydrous potassium carbonate (9 g.). Dilution 
with water and removal of the acetone left the dimethyl ether, m. p. 163° (80%) (from methanol 
or ethyl acetate-light petroleum) (Found: C, 67-4; H, 5-2. C,,;H,,O, requires C, 67-2; H, 
5-2%). Light absorption: Amax. (in EtOH) 229 and 370 my (log ¢ 4-11 and 3-72, respectively) ; 
vo=o 1687 cm. (in CHCI,). 

(6) Bromine (0-5 mol. ; 2 mol.) in acetic acid (2 ml.) was added to I’ : 4’-dimethoxybenzocyclo- 
heptene-3 : 7-dione (1-17 g.) in the same solvent (10 ml.). After 5 hr., the yellow crystals 
were washed with light petroleum and treated with sodium iodide (3 g.) in acetone (25 ml.) as 
above. The product, pale yellow microcrystals, m. p. 150—154° (0-67 g.), was digested with 
hot light petroleum (b. p. 100—120°; 30 ml.) and then decanted. The residue, crystallised 
from methanol, had m. p. 163° (34%). 

(c) 3-Acetoxy-l’ : 4’-dimethoxybenzocyclohepta-1 : 3-dien-7-one (1-4 g.) was treated with 
N-bromosuccinimide followed by methanolic potassium hydroxide as previously described.* 
The initial orange product (0-5 g.; m. p. 150—153°) was crystallised from methanol (charcoal) 
and then chromatographed in benzene on alumina to give colourless material, m. p. and mixed 
m. p. 163°, spectroscopically identical with that obtained in (a). After collection of the initial 
product from chloroform—light petroleum, the mother liquor was concentrated yielding a few 
sticky crystals. These separated from ethyl acetate-light petroleum in golden yellow plates, 
m. p. 131° (3 mg.) (Found: C, 65-7; H, 5-5. C,,H,,O, requires C, 66-0; H, 4-6%). They gave 
a pale yellow solution in cold aqueous sodium carbonate and an orange-yellow solution in 
concentrated hydrochloric acid. 


We thank Dr. R. A. Chalmers and Miss D. A. Thomson for the microanalyses and Dr. V. C. 
Farmer for the infrared spectral data. 


THE UNIVERSITY, OLD ABERDEEN, SCOTLAND. [Received, January 31st, 1957.) 
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557. Interaction of 6-Acetyltetralin and Excess of Friedel-Crafts 
Ethylating Agent. 
By G. BADDELEY and W. PICKLEs. 

Whereas acylating agent attacks the alicycle of acyltetralins (I —» II; 
R’ = H), ethylating agent effects aromatic substitution giving ethyltetralins 
(I; R’ =Et). The latter compounds, with acylating agent, give the 
dihydronaphthalenes (II; R’ = Et), whereas with ethylating agent they 
give 2: 5-diacyl-7-ethyl-l-methylindenes (V). These compounds are also 
given by the action of ethylating agent on 5-acyl-1-methylindanes (IV; R’ = 
H). The latter have been prepared by the cyclisation of 3-p-acetylphenyl-1- 
chlorobutane (III). 


6-ACETYLTETRALIN (I; R = Me, R’ =H) cannot be acylated in the aromatic ring; 
reaction with excess of acetylating agent occurs at 70—100°, the temperature of decom- 
position of the agent, affording first 6-acetyl-l : 2-dihydronaphthalene and finally 3 : 6-di- 
acetyl-1 : 2-dihydronaphthalene (II; R = Me, R’ =H). The behaviour of 7-acetyl-5- 
ethyltetralin (I; R = Me, R’ = Et) towards excess of acetylating agent seems to be 
similar, the product being 3 : 6-diacetyl-8-ethyl-1 : 2-dihydronaphthalene (II; R = Me, 
R’ = Et). 

Reaction of ethylating agent with acetyltetralin requires raised temperatures and, as 
in the nuclear ethylation of acetophenone and benzonitrile,? is most conveniently effected 
when the agent is formed im situ by the decomposition at about 100° of the diethyl ether- 
aluminium chloride complex : 

Et,O,AICI, + AIC], ——» EtCl,AICI, + EtOAICI, 
This agent, in contrast to acylating agent, effects nuclear substitution; the product is 
mainly 7-acetyl-5-ethyltetralin (I; R = Me, R’ = Et). This compound gave benzene- 
1: 2:3: 5-tetracarboxylic acid by nitric acid oxidation and 1 : 3-diethylnaphthalene by 
Clemmensen reduction followed by catalytic dehydrogenation of the product, and was 
thereby identified. Thus, in accordance with earlier work, the alkylating agent is the more 
powerful agent of aromatic substitution. 

In compounds (I; R’ = Et) only positions ortho to the carbonyl group are available for 
nuclear substitution and further ethylation must be expected to proceed with difficulty ; 
in fact, reaction of the tetralin (I; R = Me, R’ = Et) with ethylating agent requires a 
temperature of about 140°; 2: 5-diacetyl-7-ethyl-l-methylindene (V; R = Me) is the 
main isolable product. We suggest that ethylation occurs in the benzene ring affording an 
o-alkylacetophenone which, like other compounds of this type,‘ is deacylated by aluminium 
chloride-hydrogen chloride; the resulting acylating agent then reacts with the indane 
(IV; R = Me, R’ = Et), a product of rearrangement of the tetralin (I; R = Me, R’ = 
Et), to give the indene (V; R = Me). In accordance with this mechanism (a) interaction 
of the tetralin (I; R = Et, R’ = H) and ethylating agent gives the indene (V; R = Et), 
(b) the tetralin (I; R = Me, R’ = Et) is rearranged in the presence of fused aluminium 
chloride at 140°, and (c) interaction of ethylating agent and 5-acetyl-l-methylindane 
(IV; R = Me, R’ = H), which has been prepared by the cyclisation of 3-p-acetylphenyl-1- 
chlorobutane (III), gives the indene (V; R = Me). 

That the tetralins (I) rearrange when R’ = Et but not when R’ = H is a further 
illustration that isomerisation and other reactions of aromatic compounds in the presence 
of aluminium and hydrogen chlorides occur the more readily the larger the number of alkyl 
substituents and the greater the overcrowding. 

Like 2 : 5-diacetylindene (VI), which forms the deep red anion (VII), the indene (V; 
R = Me or Et) gives a red solution in ethanolic sodium hydroxide; however, whereas 


1 Baddeley, Wrench, and Williamson, J., 1953, 2110. 
2 See Experimental section. 

3 Baddeley, J., 1949, S 229. 

* Baddeley, Quart. Reviews, 1954, 8, 355. 
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2 : 5-diacetylindene (VI) is rearranged to the 2: 6-compound (VIII) in the presence of 
alkali, the indene (V) is not rearranged. Rearrangement of the latter similar to that of 


(VI ---» VIII) would bring the 1-methyl group into the plane of the benzene ring and is 
probably hindered by steric interaction of methyl and ethyl groups. 


R-CO R-CO R-CO 
ane —_—_> 
R- R- 
(I) \ 


CH,Cl 
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EXPERIMENTAL 

Reactants —6-Acetyltetralin, b. p. 155°/11 mm. (oxime, m. p. 106°), and 6-propionyl- 
tetralin, b. p. 170°/13 mm. (semicarbazone,* m. p. 220°), were prepared in 75% yield by the 
Friedel-Crafts acylation of tetralin in ethylene chloride. They were recovered unchanged 
after fusion with aluminium chloride (3 mol.) at 140° for 3 hr. 5-Acetyl-1-methylindane was 
prepared : A mixture of crotonic acid (86 g.) and aluminium chloride (280 g., 2 mol.) in benzene 
(400 c.c.) was saturated with dry hydrogen chloride and set aside at room temperature for 
4 days. It gave $-phenylbutyric acid’ (139 g., 85%), b. p. 168—170°/15 mm. This acid 
(85 g.) gave 3-phenylbutan-l-ol * (74 g., 92%), b. p. 132°/14 mm., by reduction with lithium 
aluminium hydride. The action of thionyl chloride (1-5 mol.) on the butanol gave the chloride 
(63 g., 83%), b. p. 108°/12 mm. (Found: Cl, 19-8. C, 9H,,Cl requires Cl, 21-1%). Acetylation *® 
of the chloride (34 g.) then gave 3-p-acetylphenyl-1-chlorobutane (32 g., 75%), b. p. 180— 
184°/12 mm. (Found : Cl, 16-7. C,,H,,;OCl requires Cl, 16-9%) [the 2 : 4-dinitrophenylhydrazone 
separated from ethanol in red needles, m. p. 181° (Found: C, 55-8; H, 5-0; N, 14-2. 
C,3H,,0,N,Cl requires C, 55-4; H, 4-9; N, 14-4%)]. Fusion of the chloro-ketone (20 g.) with 
aluminium chloride (68 g.) and sodium chloride (7 g.) at 100° for an hour gave 5-acetyl-1- 
methylindane (10 g., 61%), b. p. 142—145°/11 mm. (Found: C, 82-5; H, 80. C,.H,,O 
requires C, 82-8; H, 8-0%) [semicarbazone, m. p. 196° (Found: C, 67-1; H, 7-7; N, 17-7. 
C,,;H,,ON; requires C, 67-6; H, 7-4; N, 18-2%)]. 

6-Acetyltetralin and Ethylating Agent.—(i) At 100°. A mixture of the ketone (87 g.), diethyl 
ether (37 g.), and aluminium chloride (210 g.) was heated at 100° for 3 hr., and then decomposed 
with ice. The product was worked up in the usual way and gave 6-acetyltetralin (20 g.) anda 
fraction, b. p. 120—130°/0-8 mm. (52 g.), which was mainly 17-acetyl-5-ethyltetralin; this 
separated from light petroleum in needles, m. p. 35° (Found: C, 83-6; H, 8-6. C,,H,,0 
requires C, 83-2; H, 8-9%), gave a semicarbazone, needles (from ethanol), m. p. 163° (Found: C, 
69-8; H, 8-5; N, 16-2. C,;H,,ON requires C, 69-5; H, 8-1; N, 16-2%), and was identified as 

5 Scharwin, Ber., 1902, 35, 2511. 

* Barbot, Bull. Soc. chim. France, 1930, 47, 1314. 
; Tiffeneau, Compt. rend., 1904, 188, 987. 
y 


Cohen, Marshall, and Woodman, /., 1915, 901. 
Baddeley and Williamson, J., 1953, 2120. 
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follows: (a) A sample (0-4 g.), nitric acid (4.c.c.; d 1-4), and water (6 c.c.) were heated at 180° 
for 6 hr. and gave benzene-1 : 2: 3: 5-tetracarboxylic acid (tetramethyl ester, m. p. and mixed 
m. p. 109—110°). (6) Asample (1 g.) was reduced by Clemmensen’s method and gave 5 : 7-di- 
ethyltetralin which was dehydrogenated by palladised charcoal (30%; 1 g.) at 250° to 1: 3-di- 
ethylnaphthalene (picrate,’® m. p. 102°). 

(ii) At 140°. A mixture of 6-acetyltetralin (87 g.), diethyl ether (46 g.), and aluminium 
chloride (280 g.) effervesced vigorously at 120—130° evolving hydrogen chloride, ethyl 
chloride, and ethane. ‘After 3 hr. at 135—140° the mixture was decomposed with ice 
and gave unsaturated ketonic material (23 g.), b. p. 134—200°/12 mm., and 2: 5-diacetyl-7- 
ethyl-1-methylindene (24 g.), b. p. 185—190°/0-1 mm., long needles, m. p. 150° (from ethanol) 
(Found: C, 78-9; H, 7-3%; M, 236 in nitrobenzene. C,,H,,O, requires C, 79-3; H, 7-4%; 
M, 242). Similarly, this compound (2-5 g.) was prepared from 7-acetyl-5-ethyltetralin (8-5 g.) 
and 5-acetyl-1-methylindane (8-5 g.) severally. It was obtained in better yield (15 g.) when a 
mixture of 6-acetyltetralin (44 g.), acetyl chloride (20 g.), diethyl ether (19 g.), and aluminium 
chloride (175 g.) was heated at 130° for 3 hr. 

Reactions of 2 : 5-diacetyl-7-ethyl-1-methylindane. (i) It gave a dioxime, m. p. 235° (decomp.) 
(Found: C, 70-1; H, 7:5; N, 10-2. C,gH.,O,N, requires C, 70-5; H, 7-4; N, 10-3%). 
(ii) Oxidation with dilute nitric acid gave benzene-1 : 2: 3 : 5-tetracarboxylic acid (tetramethyl 
ester, m. p. and mixed m. p. 109°). (iii) Oxidation with permanganate in anhydrous acetone at 
0° gave 2 : 5-diacetyl-3-ethylbenzoic acid, long needles, m. p. 115° (from ligroin) (Found : C, 67-0; 
H, 6-2%; equiv., 235. C,,;H,,O, requires C, 66-7; H, 6-0%; equiv., 234). This acid gave a 
2: 4-dinitrophenylhydrazone and with hypochlorite solution gave chloroform and 6-ethyl- 
benzene-1 : 2: 4-tricarboxylic acid, m. p. 203° (decomp.) (Found: C, 55-0; H, 4:3%; equiv., 
84-8. C,,H,,0, requires C, 55-5; H, 42%; equiv., 79-3). (iv) With Adams’s catalyst in 
glacial acetic acid, the compound absorbed hydrogen (5 mol.) affording a hydrocarbon which did 
not evolve hydrogen when heated with palladised charcoal at 260°. (v) It dissolved in ethanolic 
sodium hydroxide solution to give a deep red solution, and was recovered by acidification. 

6-Propionyltetralin and Ethylating Agent—A mixture of the tetralin (47 g.), diethyl ether 
(23 g.), and aluminium chloride (140 g.) was heated first at 95—100° and then for 3 hr. at 135— 
140°, giving unsaturated ketonic material (17 g.), b. p. 130—200°/12 mm., and 7-ethyl-1-methyl- 
2: 5-dipropionylindene (15 g.), b. p. 190—200°/0-1 mm., needles, m. p. 119° (from light 
petroleum) (Found: C, 79-9; H, 8-0. C,,H,,O, requires C, 80-0; H,8-1%). It gavea dioxime, 
m. p. 170° (Found: C, 72-3; H, 8-0; N, 9-7. C,s3H,,O,N, requires C, 72-0; H, 8-0; N, 9-3%), 
slowly decolorised bromine in carbon tetrachloride and aqueous permanganate, formed a deep 
red solution in ethanolic sodium hydroxide, and gave benzene-1 : 2: 3 : 5-tetracarboxylic acid 
when oxidised with dilute nitric acid. Its ultraviolet absorption spectrum is the same as that 
of 2 : 5-diacetyl-7-ethyl-1-methylindene and similar to that of 2 : 5-diacetylindene ! (see Table). 

Acetylation of 7-Acetyl-5-ethyltetralin—This compound (4-0 g.) with aluminium chloride 
(4-2 g., 1-5 mol.) in methylene chloride (25 c.c.) was added to acetyl chloride (4-0 g., 20 mol.) and 
aluminium chloride (5-0 g., 3 mol.) in methylene chloride (25 c.c.). The solvent was volatilised 
under reduced pressure and the residue was heated at 100° for 2 hr. The mixture was 
decomposed with ice and the organic product was isolated in the usual manner. It contained a 
fraction (2-0 g.), b. p. 195—200°/0-1 mm., needles, m. p. 108° (from light petroleum) (Found : 
C, 79:4; H, 7-1. C,.H,,0, requires C, 79-3; H, 7-4%), which is probably 3 : 6-diacetyl-8- 
ethyl-1 : 2-dihydronaphthalene. Its ultraviolet absorption spectrum resembles that of 3 : 6-di- 
acetyl-1 : 2-dihydronaphthalene ! (see Table). Both compounds slowly decolorise solutions of 
aqueous permanganate and bromine in carbon tetrachloride, and their solutions in ethanolic 
sodium hydroxide are colourless. 


Ultraviolet absorption spectra (by Dr. A. R. Thompson). 


Amax.; A. Emax. Amas., A. Emax. 
2 : E-Diacetylindene (V1) .......ccccccccccccccccccccccccccscscccese 2950 22,000 2550 23,000 
2 : §-Diacetyl-7-ethyl-l-methylindene (V; R = Me) ...... 2945 16,500 2570 18,500 
7-Ethyl-1-methyl-2 : 5-dipropionylindene (V; R= Et)... 2945 16,800 2590 18,300 
3 : 6-Diacetyl-1 : 2-dihydronaphthalene (Il; R’=H) ... 3000 16,600 2600 32,500 
3 : 6-Diacetyl-8-ethyl-1 : 2-dihydronaphthalene (II; R’ = 
TER) ncsnsncscedscceronsbnesescccsncsssesessunssannnsecsénosbeulyecenit 3000 16,600 2610 21,000 
MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY. (Received, February 6th, 1957.) 


10 Arnold and Barnes, J. Amer. Chem. Soc., 1944, 68, 960. 
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558. Preparation and Reactions of Thiocarbamoyl- and 
Thioureido-amidines. 


By C. G. RalIson. 


Attempts to prepare the substances mentioned in the title are described. 
Ethoxymethylenearylamines and thiosemicarbazide give N-thioureido-N’- 
arylformamidines; various ring-closure reactions of these products are 
discussed. 


TuIs report concerns attempts to synthesise some thiocarbamoyl- and thioureido-formam- 
idines as analogues of the antitubercular thiosemicarbazones, and some of the reactions 
of the substances obtained. 

Existing knowledge of such compounds is scanty, but C-thiocarbamoylformamidines 
were obtained by Sandmeyer in one of his classical syntheses of indigo, by the reactions 
(I) —» (II). 


—H,S +H,S 
Ar*-NH-CS‘NHR ———» Ar:N:C(CN)-NHR ae Ar-N:C(CS-NH,)"NHR 
+HCN 
(1) (II) 


In Sandmeyer’s example, R was also an aryl group and later workers ? have described 
similar compounds. The reactions proceed equally well when R is alkyl, but, when it is 
hydrogen, loss of hydrogen sulphide is the sole result of the first step and the product is 
an arylcyanamide. C-Thioureidoformamidines, ¢.g., Ar-NH*C(=-NH)-NH-CS:NH,, are 
also known, being obtained by the action of hydrogen sulphide on substituted dicyandi- 
amides.® 

The corresponding N-substituted derivatives appeared to be unknown and are not 
readily obtainable. Ethyl -methoxybenzimidate hydrochloride, on reaction with 
thiosemicarbazide, gave the non-basic thiosemicarbazone of ethyl #-anisate, 
p-MeO-C,H,C(OEt):N-NH-CS‘NH,. Attempts to cause the ethoxy-group to react with 
ammonia did not lead to an amidine. Alcoholic ammonia gave a mixture of 5-mercapto- 
3-p-methoxyphenyl-l : 2 : 4-triazole and 5-amino-2-p-methoxyphenyl-1 : 3 : 4-thiadiazole ; 
ammonium acetate in acetic acid gave the latter compound together with its acetyl 
derivative. 

p-Methoxy-N-thiocarbamoylbenzamidine could not be prepared. Whereas arylamine 
thiocyanates are isomerised by heat to arylthioureas, it seemed unlikely that this approach 
would succeed with an amidine thiocyanate in view of Partridge and Short’s work * on 
the preparation of the latter salts from aryl cyanides at high temperatures. Amidines do, 
however, resemble amines in their ready reaction with alkyl isothiocyanates to yield 
substituted thiocarbamoyl derivatives such as Ar-C(=~NH)-NH’CS‘NHR and if R isa 
removable group this seems to offer a possible synthesis. However, on attempted reduc- 
tion of the benzyl derivative with sodium in liquid ammonia, the amidine grouping was 
split and a high yield of benzylthiourea resulted. If R were benzoyl, alkaline hydrolysis 
(cf. ref. 5) would probably suffice, but #-methoxybenzamidine and benzoyl isothiocyanate 
in chloroform did not give a pure product, formation of 50% of the amidine thiocyanate 
showing that metathesis occurred in preference to addition. Finally, N-cyano-p-methoxy- 
benzamidine, prepared by Goerdeler and Loevenich’s method,*® could not be made to add 


1 See Geigy, G.P. 113,978; Fierz-David, ‘‘ Fundamental Processes in Dye Chemistry,’’ Churchill, 
London, 1921, pp. 161 et seq. 

* Ferber and Schmolke, J. prakt. Chem., 1940, 155, 234: Roe and Teague, J. Amer. Chem. Soc., 
1949, 71, 4019. 

* Britwell, Curd, Hendry, and Rose, J., 1948, 1653. 

* Partridge and Short, J., 1947, 390. 

5 Douglas and Dains, J. Amer. Chem. Soc., 1934, 56, 1408. 

® Goerdeler and Loevenich, Chem. Ber., 1953, 86, 890. 
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hydrogen sulphide, even by methods? known to succeed with cyanamide derivatives. 
This suggests that the compound does not contain the -NH-CN grouping, but the alternative 
=N-CN. 

One type of N-thioureidoamidine is, however, readily prepared, namely, those of type 
(III), which are obtained from N-aryl-ethoxymethyleneamines (ethyl formimidates) and 


Ar-NH-CH:N-NH-CS-NH, (TTT) 


thiosemicarbazide. This reaction appears to be restricted to formimidates, for even 
acetimidates behave like the previously mentioned benzimidates and give ethyl acetate 
thiosemicarbazone, EtO*CMe:N-NH-CS:NHsg, also obtained by Ainsworth ® from thiosemi- 
carbazide and ethyl orthoacetate. 

Compounds of structure (III) show interesting ring-closure reactions. When dissolved 
in aqueous hydrochloric acid, they are quantitively split into arylamine hydrochloride 
and 2-amino-l :3:4-thiadiazole hydrochloride. Treated with methyl iodide in hot 
alcohol, they are first methylated on the sulphur atom, and the hydriodide of this product 
then undergoes a similar breakdown, to yield arylamine hydriodide and 3-methylthio- 
1:2:4-triazole. This type of ring closure with elimination of the arylamine appears 


N—N 
fo Ar-NH,,HCI + || || 
(ITT) s 
Na. y : — 
Ar-NH-CH:N-NH:C(:NH)-SMe, HI —— Ar-NH.,,HI + || llsMe 
Ne 
(IV) 
H 


to require the presence of acid because (i) compounds (III) dissolve in aqueous sodium 
hydroxide without change, and (ii) methylation with methyl sulphate and alkali, whereby 
the base corresponding to (IV) is first produced, is followed by loss of methanethiol and 
formation of 3-amino-4-aryl-l1 : 2:4-triazole. Dains® and others?® have studied the 
reaction in which diarylformamidines react with compounds containing a reactive 
methylene group, with elimination of arylamine, and Wagner ™ has studied cases in which 
reaction takes place with amino-groups, noting acid-catalysis in some cases. It appears 
that the present observations represent intramolecular examples of the same general 
reaction. 


EXPERIMENTAL 


Ethyl p-Anisate Thiosemicarbazone.—Formation. Ethyl -methoxybenzimidate hydro- 
chloride (16-2 g.), powdered thiosemicarbazide (6-9 g.), and absolute alcohol (165 ml.) were 
stirred together at 40—45° for 24 hr. The filtered product was extracted with cold water, to 
leave 10-05 g. (53%) of the thiosemicarbazone, m. p. 157—158° unchanged by crystallisation 
from alcohol (Found: C, 52-15, 52-15; H, 5-85, 5-85; N, 16-2, 16-25; S, 12-55, 12-4. 
C,,H,,0,N,S requires C, 52-2; H, 5-9; N, 16-6; S, 12-65%). The imidate base did not react 
under the same conditions. 

Reaction with ammonia. (i) The compound (2 g.) was heated with saturated alcoholic 
ammonia (25 ml.) at 140—150° for 74 hr. After evaporation, the residue was shaken with 
dilute hydrochloric acid, and the non-basic product (0-85 g.) filtered off and crystallised from 
alcohol, to give 5-mercapto-3-p-methoxyphenyl-1 : 2: 4-triazolé, m. p. 259—261° (Found : 


7 Fairfull, Lowe, and Peak, J., 1952, 742. 

8 Ainsworth, J. Amer. Chem. Soc., 1956, 78, 1973. 

® For refs. see Shriner and Neumann, Chem. Rev., 1944, 35, 409, 412. 

10 1.C.I., Ltd., Piggott, and Rodd, B.P. 344,409. 

11 Wagner, J. Org. Chem., 1940, 5, 183; Hélljes and Wagner, ibid., 1944, 9, 31. 
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C, 52-4; H, 4-55; N, 20-35; S, 15-35. Calc. for CJH,ON,;S: C, 52-2; H, 4:35; N, 20-3; 
S, 15-45%). Hoggarth * gave m. p. 257°. The basic product (0-35 g.) was recovered and 
crystallised from aqueous alcohol, to give 5-amino-2-p-methoxyphenyl-1 : 3 : 4-thiadiazole, 
m. p. 192—193°, identical with authentic material ** (Found: C, 52-6; H, 4:35; N, 20-45; 
S, 15-8. Calc. for C,H,ON,S: C, 52-2; H, 4:35; N, 20-3; S, 15-45%). 

(ii) The compound (2 g.) was boiled for 1} hr. with acetic acid (20 ml.) containing ammonium 
acetate (7-5 g.). After cooling, the separated crystals (0-6 g.; m. p. 280—290°) were filtered off 
and washed. The filtrate was evaporated, diluted, and basified to give the above thiadiazole 
(1-1 g.), m. p. 192—193° (from aqueous alcohol). The substance of m. p. 280—290° was soluble 
in dilute sodium hydroxide and, crystallised from acetic acid, had m. p. 289—291°; it was 
identified with an authentic specimen, as 5-acetamido-2-p-methoxyphenyl-1 : 3 : 4-thiadiazole 
(Found: C, 53-15, 52-95; H, 4-5, 4-6; N, 16-75; S, 12-9. C,,H,,O,N,S requires C, 53-0; 
H, 4-4; N, 16-9; S, 12-85%). 

N - (Benzylthiocarbamoyl) - p - methoxybenzamidine.—p -Methoxybenzamidine hydrochloride 
monohydrate (4-1 g.) was added to a solution of sodium (0-46 g.) in alcohol (30 ml.), followed 
by benzyl isothiocyanate (3 g.). Next day, the mixture was warmed for 15 min. on the steam- 
bath, cooled, and diluted with water (30 ml.). The product (5-4 g.), crystallised from alcohol, 
had m. p. 115—116° (Found: C, 64-2; H, 5-75; N, 14-05; S, 10-6. C,,H,,ON,;S requires 
C, 64-2; H, 5-7; N, 14-1; S, 10-7%). 

The compound (2 g.) was added to a solution of sodium (0-5 g.) in liquid ammonia (50 ml.) 
and, when the blue colour had changed to pink, ammonium chloride (1-5 g.) was added. The 
solid left after removal of ammonia and digestion with water crystallised from methanol; it had 
m. p. 163—164° and appeared to be benzylthiourea (reported m. p. 164°) (Found: C, 58-15, 
58-05; H, 6-0, 6-0; N, 17-05, 17-05; S, 19-1. Calc. for C,H, )N.S: C, 57-9; H, 6-0; N, 16-9; 
S, 19-3%). 

N-Cyano-p-methoxybenzamidine.—p-Methoxybenzamidine hydrochloride hydrate (11-12 g.), 
in ice-cold water (10 volumes), was treated with a sodium hypobromite solution prepared from 
bromine (8 g.) and 2N-sodium hydroxide (60 ml.); the white crystalline precipitate (11 g.) had 
m. p. 99—100° (decomp.) (Found: Br, 35-0. C,H,ON,Br requires Br, 34-95%). The bromo- 
amidine (5-7 g.) and silver cyanide (13-4 g.) were boiled in xylene (150 ml.) suspension for 7 min. 
The decanted solution crystallised on cooling. The silver residues were extracted, first with 
benzene and then with ether (Soxhlet), to give further crops of the product (total 62-5%). 
Crystallised from 65% alcohol (charcoal), the cyano-amidine had m. p. 200—202° (Found : 
C, 61-8; H, 5-45; N, 23-6. C,H,ON, requires C, 61:7; H, 5-2; N, 24-0%). 

This compound failed to add hydrogen sulphide under any of the following conditions : 
(i) in pyridine soJution, in the presence of triethylamine, at 35° for 2$ hr.; (ii) with yellow 
ammonium sulphide and 2-methoxyethanol at 40° for 40 hr.; and (iii) with sodium methoxide 
in methanol at 60—70° for 24 hr. 

N-p-Methoxyphenyl -N’-thioureidoformamidine (III; Ar = p-MeO-C,H,).—Formation. 
Ethoxymethylene-p-anisidine (9 g.), thiosemicarbazide (4-55 g.), and alcohol (25 ml.) were 
stirred at 50—60° for 3 hr. Filtration when cold gave the product (8-8 g.), which formed 
colourless crystals, m. p. 129—130°, from alcohol (Found : C, 48-2; H, 5-45; N, 25-0; S, 14-45. 
C,H,,ON,S requires C, 48-2; H, 5-35; N, 25-0; S, 14-3%), soluble in sodium hydroxide and 
reprecipitated unchanged by ammonium chloride. 

Action of acid. The base (3-36 g.) required 2 mols. (30 ml.) of N-hydrochloric acid for 
dissolution; after evaporation in a vacuum, the residue (4-4 g.) was crystallised twice from 
propan-2-ol—ethyl acetate to give colourless leaflets (3-4 g.), m. p. 124—126° (Found: C, 36-7; 
36-9; H, 4-9, 4-55; N, 19-35, 19-15; Cl, 24-0, 23-9. Calc. for C,H,,ON,S,2HCI: C, 36-4; 
H, 4-7; N, 18-85; Cl, 23-9%), identified as a mixture in two ways: (i) Equimolecular amounts 
of p-anisidine hydrochloride and 2-amino-1 : 3 : 4-thiadiazole hydrochloride were mixed and 
recrystallised as above, to give leaflets of m. p. 124—126°, undepressed by the above (Found : 
C, 36-4; H, 4-5; Cl, 24-05%). (ii) The substance (2 g.), in 50% aqueous alcohol, was de- 
acidified by the use of a resin column (Dowex 2), and the mixed bases (1-35 g.) were recovered ; 
digestion with benzene (5 ml.) left undissolved 2-amino-1 : 3 : 4-thiadiazole (0-65 g., 95-5%), 
m. p. and mixed m. p. 188—190°, raised to 191—192° by crystallisation from propan-2-ol 
(Found : C, 24-25; H, 2-85; N, 40-5; S, 31-5. Calc. for C,H,;N,S: C, 23-8; H, 3-0; N, 41-6; 

12 Hoggarth, J., 1949, 1160. 

8 Bernstein, Yale, Losee, Holsing, Martins, and Lott, J]. Amer. Chem. Soc., 1951, 78, 906. 





re 


-ol 





[1957] Thiocarbamoyl- and Thioureido-amidines. 2861 


S, 317%). The benzene extract yielded p-anisidine (0-65 g., 78%), identified as its acetyl 
derivative. 

N-Phenyl-N’-thioureidoformamidine (III; Ar = Ph).—Prepared as above from ethoxy- 
methyleneaniline and thiosemicarbazide, this amidine crystallised from alcohol and had m. p. 
130—131° (Found : C, 49-25, 49-2; H, 4-85, 4-95; N, 28-8, 28-85; S, 16-45. C,H, N,S requires 
C, 49-5; H, 5:15; N, 28-9; S, 16-5%). 

The substance (9-7 g.), methyl iodide (7-8 g.), and alcohol (50 ml.) were gently boiled for 1} 
hr., then evaporated in a vacuum. The residue was digested with ethyl acetate, and the 
insoluble white crystals of aniline hydriodide (8-8 g., 80%) were filtered off and crystallised 
from alcohol-ethyl acetate (m. p. £280°) (Found: C, 32-8, 32-55; H, 3-7, 3-6; N, 6-4, 6-55; 
I, 57-8. Calc. forC,H,NI: C, 32-6; H, 3-6; N, 6-35; I, 57-5%), identified also by conversion 
into acetanilide. The ethyl acetate filtrate was evaporated, and the residue dissolved in dilute 
acid and extracted repeatedly with ether. The extracts yielded solids which, after crystallisation 
from benzene, had m. p. 98—100° and gave no depression with 3-methylthio-1 : 2 : 4-triazole 
(total yield: 3-5 g., 61%) (Found: C, 31-25, 31-2; H, 4-3, 4-2; N, 35-45, 35-55; -S, 27-35. 
Calc. for C;H,N,S: C, 31:3; H, 4-35; N, 36-5; S, 27-8%). 

The amidine (9-7 g.) was added to warm 2n-sodium hydroxide (50 ml.), then the solution 
was cooled to 20° and treated dropwise with methyl sulphate (6-3 g.). After 2 hr. it was boiled 
to half-bulk [giving a little aniline, identified as acetanilide (1-9 g.)] and then cooled. Crystals 
of 3-amino-4-phenyl-1 : 2: 4-triazole (4-7—5-5 g.) (soluble in dilute acid), m. p. 219—221°, 
separated and after recrystallisation from water had m. p. 221—223° (Found: C, 60-2, 60-25; 
H, 5-05, 4-9; N, 35-35, 35-35. CgH,N, requires C, 60-0; H, 5-0; N, 35-0%). 

Ethyl Acetate Thiosemicarbazone.—(1-Ethoxyethylidene)aniline (25-3 g.), thiosemicarbazide 
(14-3 g.), and alcohol (85 ml.) were stirred at 50—60° for 14 hr. and then boiled for 5hr. The 
hot solution was filtered and cooled to give crystals (A); the filtrate, on concentration to a 
small volume, gave product B. Product A was extracted with cold water to leave a substance 
(8-75 g.) crystallising from alcohol in prisms (7-4 g.), m. p. 146—147° (Found: C, 36-45; H, 
6-4%). Because it was suspected that this was still contaminated with thiosemicarbazide, it 
was shaken with p-dimethylaminobenzaldehyde methosulphate (11 g.) in warm water (75 ml.), 
leaving a substance, m. p. 151° (6-35 g.). Recrystallised from alcohol this gave ethyl acetate 
thiosemicarbazone, m. p. 151—152° (Ainsworth ® gave the same m. p.) (Found: C, 37-65; 
H, 6-95; N, 25-55; S, 19-6. Calc. for CsH,,ON,S: C, 37-3; H, 6-85; N, 26-1; S, 19-9%). 

Product B was extracted with cold water, to leave 2-1 g., m. p. 265—270°, crystallising from 
water in colourless laminz (1-65 g.), m. p. 274—276°, identified, by comparison with an 
authentic sample, as 5-mercapto-3-methyl-1 : 2: 4-triazole (Found: C, 31-55, 31-35; H, 3-7, 
3-65; N, 34-2; S, 27-8. Calc. forC;H;N;S: C, 31-3; H, 4-35; N, 36-5; S, 27-8%). 





The author thanks Messrs. L. West and P. May for experimental assistance, and Mr. P. 
Baker for the microanalyses. 
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559. Physicochemical Studies on Starches. Part VI.* Aqueous 
Leaching and the Fractionation of Potato Starch. 


By J. M. G. Cowtre and C. T. GREENWOOD. 


A critical study has been made of the effect of aqueous leaching at various 
temperatures on potato starch granules. The efficiency of this procedure for 
fractionating starch has been followed by measuring the purity and molecular 
weight of the resultant components. Water leaches preferentially short- 
chain linear material, and its action is both inefficient and incomplete com- 
pared with the conventional methods involving complete disruption of the 
granular structure and formation of the amylose-thymol complex. The 
effect of aqueous leaching on granular structure is discussed. Potato amylose 
has a number-average degree of polymerization (D.P.) of about 4000 glucose 
units. The relations, D.P. = 7-4[y] for potato amylose fractions in M- 
potassium hydroxide, and [y] = 4-30(D.P.)**! for the acetates in chloro- 
form, are suggested. 


ALTHOUGH the two components of starch can be relatively easily separated, little is known 
of how they are incorporated into the granule and how the physical nature of the granule 
governs the efficiency and ease of fractionation. Methods of fractionation have been 
recently reviewed; 1 the most satisfactory ones so far involve complete dissolution of 
the granule followed by the addition of a polar organic molecule to form an insoluble 
amylose complex. These procedures cannot give much information regarding granular 
structure, but some can be obtained by aqueous leaching. This method has often been 
used 2 to fractionate starch, although reports of its efficiency are at variance and there 
are insufficient accurate data regarding the purity of the fractionation products and their 
molecular weights. In continuance of studies of potato starch—its structure, methods of 
fractionation, and measurements of the size and shape of its components—we now report 
the results of a series of aqueous leaching experiments and estimations of the purity and 
molecular weight of the resultant fractions. Various features regarding the effect of 
leaching on granular structure are discussed, and its efficiency for fractionation is compared 
with other methods. 





EXPERIMENTAL METHODS 


Preparation of Starches.—Starches were prepared from several varieties of potato by the 
method previously described. 

Fractionation Procedures.—(a) Leaching at 98°. Starch suspension (0-5% in 0-1% sodium 
chloride) was deaerated at room temperature (stream of oxygen-free nitrogen for 15 min.). 
The suspension was then placed on a vigorously boiling water-bath and stirred for 5—7 min. 
under nitrogen. The resultant gelatinized mixture was then cooled and centrifuged at 20,000 g. 
(preparative rotor of Spinco ultracentrifuge) for 10 min. Supernatant liquors were then 
removed, saturated with butan-l-ol, and kept at room temperature overnight. The sedimented 
granules were washed with distilled water (6 times), redispersed in saline, and heated for a 

7 min. The solid obtained after centrifugation was washed free from salt and 


further 5—7 
freeze-dried directly, to give the “‘ amylopectin”’ fraction. (Further experiments indicated 


* Part V, J., 1957, 2658. 


1 Greenwood, Adv. Carbohydrate Chem., 1956, 11, 335. 

* Tranet, Bull. Soc. chim. France, 1915, 17, 83; Sherman and Baker, J. Amer. Chem. Soc., 1916, 38, 
1885; Karrer and Krauss, Helv. Chim. Acta, 1929, 12, 1144; Baldwin, J. Amer. Chem. Soc., 1930, 52, 
2907. 

* Kerr and Severson, J. Amer. Chem. Soc., 1943, 65, 193; Meyer and Rathgeb, Helv. Chim. Acta, 
1948, 31, 1533. 

* Baum and Gilbert, Chem. and Ind., 1954, 489, 490; Baum, Gilbert, and Wood, J., 1955, 4047. 

5 Cowie and Greenwood, preceding paper. 
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that the gelatinized granules would not readily sediment in the absence of salt in the above 
force-field.) 

(b) Complete dispersion of granular structure. Starch granules (0-5% in water) were stirred 
vigorously at 100° for }—2 hr. under nitrogen. After cooling to 60°, thymol (1 g. /l.) was added, 
and the mixture set aside for 3 days at room temperature. The amylose-thymol complex was 
then removed on the Sharples supercentrifuge and recrystallized three times from hot saturated 
butan-l-ol solution. The amylopectin-containing supernatant liquor (from the thymol 
complex) was freeze-dried, refluxed with methanol (3 times), dissolved in water, and freeze- 
dried again. (Later experiments showed that a more soluble product was obtained if treat- 
ment with methanol was avoided.'5). 

(c) Combination of aqueous leaching at 70° and dispersion at 100°. Starch suspension (0-5% 
in water) was stirred at 70° for 1 hy. under nitrogen. (Gelatinization occurred within 10 min.) 
The mixture was allowed to cool and centrifuged. After decantation of the supernatant liquor 
and filtration through a sintered-glass filter (G3), excess of butan-l-ol was added. Immediate 
amylose-complex formation was observed, but the mixture was kept for 24 hr. at room temper- 
ature for complete precipitation. The sediment of gelatinized granule residues was redispersed 
in water and boiled for 14 hr. under nitrogen before fractionation as above. 

Characterization of Fractionation Products——(a) Amylopectin. The amount of amylose 
contaminating the branched component was estimated by potentiometric determinations of the 
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amount of iodine bound.* The linear portion of the iodine sorption curve was extrapolated to 
zero free-iodine concentration; the ratio of the value of the intercept to that for pure potato 
amylose (19-5%) gave the amount of linear material present. 

(b) Amylose. Purity was determined by titration as above. Molecular-weight determin- 
ations were made by measurements of (i) limiting viscosity number of the free component in 
M-potassium hydroxide at 22-5°, (ii) rates of sedimentation in 0-2m-potassium hydroxide, and 
(iii) osmotic pressure of the acetate in chloroform solution (at 22-5°). (For details of methods 
and procedures see ref. 5. The osmotic-pressure measurements were carried out in collabor- 
ation with Dr. W. N. Broatch.) Fig. 1 shows the experimental osmotic-pressure results. 


RESULTS 


The effect of aqueous leaching and fractionation was found to be identical for the two 
varieties of potato starch investigated, Redskin and Arran Banner. 

Aqueous Leaching at 98°.—The results of typical experiments are shown in Table 1. Small- 
scale experiments indicated that successive leaching for two periods of about 7 min. yielded the 
purest amylopectin. The amyloses produced vary from 80% to 90% purity from the first 
leaching, but, on re-extraction, their purity drops to 60%. 

Microscopic observation showed that at the end of 5 min. the granules were all swollen but 
mainly intact. The residual “ sacs ’’ stained mauve with iodine and blue-staining amylose had 
diffused into the supernatant liquors. Some granules still had accumulations of amylose 
towards one end, whilst others appeared to have been completely ruptured and to be devoid of 
any blue-staining material. 


* Anderson and Greenwood, J., 1955, 3016. 
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Whilst small-scale experiments proved relatively easy, leaching on a large scale (3 1.) was 
not successful. The fluid-like consistency of the gelatinized granules made their removal on 
the Sharples supercentrifuge extremely difficult and, further, on re-extraction, a higher 
proportion of amylopectin went into solution to yield a cruder amylose. 


TABLE 1. Properties of the products obtained by leaching at 98°. 





Amylopectin Amylose 
Leaching time Purity Amylose Initial [n] in DP. 

Expt.¢ (min.) (%)¢t impurity (%){ purity (%) m-KOH ® calc.¢ 
1—5 S$ 2x 5—2 x 10 96—98 10—20 80—90 — — 

6S 7 95 25 90 —_ — 

73 5 93 35 90 340 * 2520 

8S 2x5 96 20 90 365 ** 2700 

iL 2x 7-5 97 15 62 340 *** 2500 4 

+ Calc. from iodine uptake. ¢ Calc. from (iodine uptake + 20) (see ref. 6.) 


* S = small scale (50—100 ml.); L = large scale (3 1.). ® Limiting viscosity number [y] of 
recrystallized amylose in M-KOH at 22-5°. ¢ Calc. from D.P. = 7-4[n]. ¢ A value of 2500 was 
obtained from osmotic-pressure measurements on the acetate in chloroform solution ; [nm] of acetate = 
520. 

* ** ##* |, 2, and 3 recrystallizations, respectively. 


TABLE 2. Properties of amylopectins and recrystallized amylose obtained 
from dispersions. 





Amylopectin Amylose 
Se ean, ge _ —™ 

Dispersion Purity Amylose {n] in [n] of 
time (hr.) (%) @ impurity (%)* m-KOH*¢ acetate ® M,¢ D.P4 
A 98-8 6 490 — os 3600 
1 99-2 4 520 680 1,125,000 3900 
1} _ — 470 — — 3500 
2 99-5 2-5 450 640 940,000 3260 


* As for Table 1. ® Measured in CHCl,. * Determined from osmotic-pressure measurements on 
the acetate in CHCl, solution. ¢ Calc. from previous column, or from D-P. = 7-4 [y]. 


TABLE 3. Properties of components from combined leaching and dispersion. 


Amylose [ny] in [n] of 
Expt. Fraction Purity* impurity (%)* m-KOH §acetate® ™,* DP» 
ane Amylose 94—98 — 240 480 527,000 1830 
70° leach ......... { Amylopectin 88 60 et pay i's ined 
7 . Amylose * 100 — 560 770 1,534,000 5300 
98° dispersion... { Amylopectin 99-8 1 178 on iin aut 


* Before recrystallization in case of the amylose. ® As in footnotes to Table 2. 
* Recrystallized twice. 


Complete Dispersion of Granular Structure —The results of these experiments are shown in 
Table 2. Thymol—amyloses were found to be about 75% pure, but recrystallization with 
butan-l-ol gave products binding 19-5% of iodine. Microscopic observation showed that after 
30 minutes’ dispersion, a few granules were still gelatinized, but not completely disrupted : 
after 1 hr. only occasional fragments of disrupted granules were apparent. 

Leaching at 70° followed by Dispersion at 98°.—The results are shown in Table 3. 


DISCUSSION 


Aqueous Leaching at 98°.—The qualitative results of previous workers*4 were 
confirmed. Aqueous leaching of potato starch granules at 98° for a short time was shown 
to result in the extraction from the granule of material which is predominantly amylose, 
with the consequent formation of a residual granular network which is predominantly 
amylopectin. However, the extracted amylose (1) is contaminated with amylopectin 
(the latter being presumably of low molecular weight), and (2) possesses a much lower D.P. 
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(2500) than that obtained from a conventional dispersive fractionation (cf. Tables 1 and 2). 
At the same time, 10—20% of the amylose is retained in the swollen granules. 

These results suggest that preferential extraction of shorter amylose chains is occurring, 
owing to incomplete disruption of the granular structure and consequent inability of the 
larger amylose chains to diffuse out. 

Aqueous leaching at 98° is therefore not suitable for the preparation from potato starch 
of either amylose of a high D.P., or amylopectin of high purity. 


Dispersion Experiments.—Dispersion for 1 hr. resulted in amylose having a D.P. of 
3900 glucose units, a value much larger than that from the above leaching experiments. 
After $ hour’s boiling, disintegration of the granule is incomplete with consequent retention 
of some material of high molecular weight (see below). Prolonged boiling results in 
hydrolysis, even under the oxygen-free conditions of the experiment. The amylopectins 
were considerably purer than those obtained by leaching. 

Fractionation involving complete disrupticn of granular structure results therefore in 
the simultaneous production of amylose of high D.P. and pure amylopectin. 

Leaching at 70° followed by Dispersion.—Leaching at 70° removed about 40% of the 
total amylose from the granule. The leached amylose-product was 97—98% pure 
(compare leaching at 98°), but was small.r (D.F. 1830). By comparison, the amylose 
subsequently isolated after dispersion of the 1esidual granular structure had a very high 
D.P. of 5300 glucose units. The amylopectin obtained after this dispersion was the purest 
obtained in this work (see Table 3). 

These results suggest, in agreement with Meyer and his co-workers ’ that subfraction- 
ation of the amylose has again occurred, short chains being preferentially leached at 70° 
whilst the larger ones are not able to diffuse out until the granular structure is further 
disrupted by dispersion. Similar results have been obtained by Schoch,® who suggested 
that leaching methods at 70° were inefficient for fractionation, since 50% of the amylose 
“ retrograded ”’ im situ in the granule. This appears unlikely, as insolubilized retrograded 
amylose cannot be redispersed at 98° under the conditions used here, and it is more probable 
that simple subfractionation occurs. 

Aqueous Leaching and Granular Structure.—General comments on granular structure 
have been made previously.+> Only the question of the nature of the granular “‘ sacs ”’ 
will be dealt with here. In agreement with Frey-Wyssling ® and Meyer and Menzi,!° we 
have found that potato starch readily forms granular “ sacs ”’ on treatment with hot water. 
Depending on the extraction temperature, these sacs contain from 88 to 98% of amylo- 
pectin, and retain (microscopically) the characteristics of swollen, disrupted granules. The 
persistent, highly swollen remains of granules, after relatively prolonged heating in water, 
suggest that strong secondary valency forces of the hydrogen-bond type must be present, 
t.¢., close and compact packing of the amylopectin must occur. Dissolution of amylo- 
pectin must simply entail disruption of these bonds. This problem is complex, and is 
being further examined. 

Molecular Size of Potato Amylose.—The observed molecular size of any amylose 
depends on the methods of isolating and fractionating the starch. In this work, where 
methods were chosen to avoid as far as practicable any hydrolytic degradation, the 
number-average D.P. of potato amylose has been found to be of the order of 4000 glucose 
residues. This is to be compared with previous values in the literature of 240—1130,1 and 
emphasises the importance of oxygen-free conditions for the dispersion. (Preliminary 
unpublished experiments have shown that the presence of oxygen causes degradation.) 
In addition, this value for the molecular size was independent of the variety of potato. 

7 Meyer, Bernfeld, Boissonnas, Giirtler, and Noelting, J. Phys. Colloid Chem., 1949, 58, 319. 

= 8 Schoch in Radley’s “ Starch and its Derivatives,’’ Chapman and Hall, London, 1953, Vol. I, p. 
_ Frey-Wyssling, Experientia, 1952, 8, 101. 
10 Meyer and Menzi, Helv. Chim. Acta, 1953, 36, 702. 
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A value of about 4000 was found for both the Redskin and Arran Banner potato starches 
studied here, whilst a similar result has been obtained by Mr. W. A. J. Bryce for Majestic 
and Golden Wonder potato starches. 

This value for the D.P. must be a minimum, since the possibility of inadvertent degrad- 
ation in this work still cannot be eliminated. 

Relation between D.P. and [x] for Potato Amylose.—The results in this and previous 
work 5 enabled values to be calculated for K and « in the relation, [4] = K(D.P.)«. 
Although the distribution of molecular weight in some of the samples may well have been 
altered, it was found that, within experimental error, there was a linear relation between 
[y] in M-potassium hydroxide and the D.P. derived from osmotic-pressure measurements 
on the corresponding acetate. This relationship is illustrated in Fig. 2 (curve 1) which 


Fic. 2. Graph of [n] as a function of D.P. 
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(1) ({m] im m-KOH) versus (D-P. of acetate from osmotic-pressure measurements). 
O this work ; f°) previous results (see ref. 5). 


(2) logy» ({m] of acetate in CHCl) versus logy, (D.P. of acetate from osmotic-pressure measurements). 
© this work; p previous results (see ref. 5). 


also includes the previously reported values for acid-degraded samples of amylose.> The 


equation, D.P. = 7-4[n], holds for D.P. values up to 4000. 
For values of [y] for the acetates in chloroform solution, calculation by the method of 


least squares showed that the results were best represented by the equation, [4] = 


4-30(D.P.)°S! (see Fig. 2, curve 2). 
The significance of the above values of « in the modified Staudinger law, together with 


calculations of molecular dimensions, will be discussed elsewhere. 


The authors are indebted to Professor E. L. Hirst, F.R.S., for his interest in this work, and 
thank the Rockefeller Foundation for financial support. 
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560. Aromatic Arylalkylation. Part I. The Triphenylmethylation 
of o-Cresol in Sulphuric Acid—Acetic Acid. 


By T. G. Bonner, J. M. Clayton, and (the late) Gwyn WILLIAMs. 


The reaction between triphenylmethanol and o-cresol to form 4-hydroxy-3- 
methylphenyltriphenylmethane in sulphuric-acetic acid has been studied. 
Rates of reaction and the extent of ionisation of the alcohol over a wide 
range of media indicate reaction through the electrophilic attack by the 
Ph,C* ion: Ph,C* + C,H,Me-OH —» Ph,C-C,H,Me-OH + H*. The 
constants of the Arrhenius equation have been evaluated. 

The nature of the coloured compound which is immediately formed on 
mixing of the reactants is discussed. 


StuptiEs of absorption spectra, conductivity, freezing-point depression, and salt formation 
have shown that triphenylmethanol is readily converted into the triphenylmethy] ion in 
strong acids.1 The possibility arises that in such media this ion might be an effective 
electrophilic substituting reagent and this appears to be the case in the reaction between 
triphenylmethanol and phenols in sulphuric—acetic acid (1 : 6 v/v) first reported by Baeyer 
and Villiger.2 They found that phenol formed #-hydroxyphenyltriphenylmethane, and 
anisole formed p-methoxypheryltriphenylmethane. Baeyer® also found that tetra-aryl- 
methanes were obtained, with hydrogen chloride, from solutions of triphenylmethyl 
chloride in various phenols, heat sometimes being needed for reaction; if potassium 
phenoxide was used substitution in the nucleus did not occur and a triphenylmethyl- 
phenyl ether was formed, but it was later shown by Gomberg and Kamm ‘ that in the 
presence of acid the sole product was #-hydroxyphenyltriphenylmethane. These workers 
also found that the action of sulphuric acid in the Baeyer-Villiger reaction was purely 
catalytic and that it could be reduced to a very small concentration or replaced by hydro- 
chloric acid. 

Boyd and Hardy ® studied the reaction of many phenols with triphenylmethanol in 
acetic acid containing 10—20% of sulphuric acid. The phenols fell into three groups, 
(i) those giving a tetraphenylmethane derivative, (ii) those reducing triphenylmethanol 
to triphenylmethane, and (iii) those which did not react. Phenols of groups (i) and (ii) 
produced a deep brown colour when added to the yellow solution of triphenylmethanol in 
the sulphuric-acetic acid, and Hardy ® proposed that for these the first step was 1:4 
addition of the ions of triphenylmethyl hydrogen sulphate followed by breakdown of the 
resulting quinonoid complex to a hydroxyphenyltriphenylmethane (group i) or triphenyl 
methane (group ii). 

Hart and Cassis ® recently found reaction of triphenylmethyl chloride and phenol in 
dilute o-dichlorobenzene solution to be autocatalytic, the hydrochloric acid liberated acting 
as a catalyst. They concluded that the acid facilitated the ionisation of the chloride to the 
triphenylmethyl ion and represented the reaction as direct triphenylmethylation of the 
aromatic nucleus by the ion. Since there could be little doubt that the same ion is present 
in a solution of triphenylmethanol in sulphuric-acetic acid and that the extent of its 
formation varies with the acidity, it was decided to find whether the rate of triphenyl- 
methylation in this medium could be directly correlated with the degree of ionisation 
of the alcohol. 


1 Gomberg, Ber., 1902, 35, 1837; Walden, ibid., p. 2018; Hantzsch, Ber., 1921, 54, 2573; Hammett 
and Deyrup, J. Amer. Chem. Soc., 1933, 55, 1900; Gillespie and Wasif, J., 1953, 221. 
Baeyer and Villiger, Ber., 1902, 35, 3013. 
Baeyer, Ber., 1909, 42, 2624. 
Gomberg and Kamm, J. Amer. Chem. Soc., 1917, 89, <«.99. 
Boyd and Hardy, J., 1928, 630; Hardy, J., 1929, 1000. 
* Hart and Cassis, ]. Amer. Chem. Soc., 1954, 76, 1634. 
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EXPERIMENTAL 

Initial Experiments.—The limited solubility of the tetraphenylmethane product from phenol 
in the media employed led to the choice of o-cresol for the kinetic work. This reaction is 
known’ to give 4-hydroxy-3-methylphenyltriphenylmethane. At higher acidities, it was 
found that some interaction occurred between the medium and o-cresol. Quantitative 
bromination of the product, based on Francis and Hill’s method,* showed that a mono- 
substituted derivative had been formed, probably 4-hydroxy-3-methylbenzenesulphonic 
acid. To limit this and extend the range of sulphuric—acetic media, all media were prepared 
with a water content of 5% w/w. Provided the initial concentrations of the reactants were 
not greater than 0-1m, no precipitation of the tetraphenylmethane product occurred. The 
reported reversibility > of the reaction was found to be negligible in media containing 5% of 
water, the extent of breakdown of the product in an anhydrous media containing 30% of 
sulphuric acid being only 3-4% after 5 hr. at 55°. 

Media and Reagents.—Acetic acid was purified by Orton and Bradfield’s method; * no sample 
was obtained by this method with a m. p. lower than 16-5°. B.D.H. “ AnalaR’”’ sulphuric 
acid was used as supplied. B.D.H. o-cresol was distilled three times at atmospheric pressure 
before use (b. p. 195°); triphenylmethanol was recrystallised from alcohol (m. p. 160—162°). 
Media for kinetic experiments were made up by weight and all figures quoted are for % by wt. 
The water content was maintained in the range 4-9—5-1%. 

Triphenyicarbonium-ion Spectrum.—The spectrum of this ion is well-known.’ !° In sulphuric- 
acetic acid it has the usual broad double-peaked band with maxima at 4080 and 4320 A (emax. 
ca. 35,000). Where there is complete ionisation the extinction coefficient at the maxima 
changes by only 2% between 18° and 55°. At 4320 A, the extinction coefficients of o-cresol 
(ec 0-26) and of 4-hydroxy-3-methylphenyltriphenylmethane (< 0-4) are negligible. 

Solutions containing triphenylmethanol were analysed with a Hilger Spekker photo- 
electric absorptiometer, having a mercury-lamp light source and a filter to transmit a narrow 
band at ca. 4350 A. Samples (1 ml.) of the mixture were always diluted between 625 and 5000 
times with a stock solution containing 1 : 3 sulphuric—acetic acid. Complete ionisation of the 
triphenylmethanol occurred in this solution, in agreement with Gold and Hawes’s observation 1° 
that ionisation is complete in the anhydrous mixture, 16: 84 sulphuric-acetic acid. The 
composition of the stock solution was not critical as the same analytical results were obtained, 
within 1—2%, when the sulphuric acid content was varied over the range 20—30%. 

A sample removed from the diluted solution for measurement in the absorptiometer gave 
a lower reading if the solution had been kept for some time after shaking than if it had been 
removed immediately. This suggested that moisture had been absorbed at the surface of the 
solution in the stoppered flask. The error was avoided by pouring away the first few ml. of 
solution before transference to the absorption cell. 

Kinetic Measurements.—These were carried out at 25° and at 55°. The solutions of tri- 
phenylmethanol and o-cresol were made up separately in the particular medium at the given 
temperatures. Triphenylmethanol sometimes dissolved rather slowly and had to be heated 
to 80—100°. High temperatures and prolonged heating were avoided as a slow reaction then 
occurred. An appropriate sample, usually 20 ml., of the triphenylmethanol solution was 
pipetted into a 100 ml. flask, and the flask stoppered and returned to the thermostat. To start 
the reaction the required volume of the o-cresol solution was run in from a pipette, zero time 
corresponding to the end of the free flow of the solution. Six 1 ml. samples were removed at 
suitable times. In each case the reaction was stopped by running the solution into 20—40 ml. 
of the 1 : 3 sulphuric—acetic acid stock solution, and the resulting solution made up to 25 ml. or 
50 ml. 1 ml. of this solution was diluted 25—100 times and then measured in the absorptio- 
meter, 1 cm. cells and a control of the stock diluent solution being used. Two separate samples 
of each solution were measured and three readings were taken on each sample. The corre- 
sponding value of the triphenylmethanol concentration was read off from the previously prepared 
standard curve. Rates were measured over the range of media containing from 5% to 40% 
of H,SO,. Excellent second-order rate constants were obtained below 25% sulphuric acid 


7 Iddles, French, and Minckler, J. Amer. Chem. Soc., 1940, 62, 2757. 
§ Francis and Hill, ibid., 1924, 46, 2498; Francis, Hill, and Johnston, ibid., 1925, 47, 2211; Francis 
and Hill, Ind. Eng. Chem. Analyt., 1941, 18, 357. 
* Orton and Bradfield, J., 1927, 983. 
1® Anderson, J. Amer. Chem. Soc., 1928, 50, 208; Gold and Hawes, J., 1951, 2102. 
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(Fig. 1). The rate of reaction was unchanged when the glass surface was increased by means 
of glass balls. 

Interaction of the Medium with o-Cresol.—Reaction of sulphuric acid in the medium with 
o-cresol in the absence of the triphenylmethanol was followed by the bromination method.® 
Aliquot parts of the solution, at appropriate intervals, were run into dilute sulphuric acid and 
treated with a slight excess of standard bromate—bromide solution, and the unconsumed bromine 
estimated by addition of potassium iodide and titration of the iodine liberated with sodium 
thiosulphate solution. Analyses of standard o-cresol solutions by this method were correct 
within 1%. 

Ionisation of Triphenylmethanol in Sulphuric—Acetic Acid Media.—The extent of ionisation 
of triphenylmethanol was obtained by plotting the ultraviolet absorption spectrum for each 
mixture over the range 3600—4600 A with a Hilger ‘‘ Uvispek’’ Spectrophotometer. The 
“‘ specific colour intensity,’’ S, at a given wavelength is defined as (log I,/I) /(concn. of Ph,C*OH). 
The % ionisation in any particular medium is obtained from the ratio of the specific colour 
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intensity at a selected wavelength to that at the same wavelength in a medium containing 3: 7 
sulphuric—acetic acid in which triphenylmethanol is completely ionised. Values obtained at 
the two maxima (at 4080 and 4320 A) gave identical % ionisation. During measurements the 
absorption cells were kept in a constant-temperature jacket (+1°). Measurements were 
carried out at 25° and at 55° over the range 5—22% of sulphuric acid. 

Preparation of 3: 5-Dideutero-o-cresol_—Deuteration of o-toluidine to 3: 5-dideutero-o- 
toluidine was carried out by repeated treatment of the amine hydrochloride with heavy water 
at 100°, as in the method used for aniline.11_Dideuterocresol was obtained from the product 
by diazotisation and separated by steam-distillation. We are greatly indebted to Dr. D. H. 
Whiffen of the University of Birmingham for infrared analyses of samples of the deuterocresol 
which indicated its purity and the rapidity of its exchange reaction in sulphuric-acetic acid. 


RESULTS AND DISCUSSION 
Kinetics of Triphenylmethylation of o-Cresol.—The reaction of triphenylmethanol with 
o-cresol was followed over a range of media containing 0—40% w/w of sulphuric acid in 
acetic acid, all media containing 5% of water. Over the range 0—22-5% sulphuric acid, 
the kinetic results fitted the equation : 


—d{Ph,C-OH]/d¢ = k,[Ph,C-OH][o-cresol] . . . . . (I) 


11 Best and Wilson, J., 1946, 239. 
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the reaction always being followed up to 70—90% conversion of the triphenylmethanol. 
The results for 55° and 25° are shown in Tables 1 and 3. The rate equation is obeyed for 
a ten-fold change in the initial concentration of either reactant as shown in Table 2. In 
media containing 25% or more of sulphuric acid the rate equation applies only to the 
initial stages, a strong deceleration setting in. Triphenylmethanol was stable in media 


TABLE 1. Variation of k, with medium composition for the triphenylmethylation of 
o-cresol at 55°. 


Initial [Ph,C-OH] = [o-cresol] = 0-1m. 


Expt. Medium (% by wt.) 10* ky t; fortriphenyl- ¢ for attack of medium 
no. H,SO, H,O AcOH (Il. mole sec.~*) methylation (min.) on cresol (min.) 
8A 0-0 5-1 95-0 0 — — 
8B 0-0 5-1 95-0 0 — — 
9A 4-9 5-2 89-9 0-521 3400 — 
9B 4-9 5-2 89-9 0-516 3400 — 
3A 10-0 5-1 84-9 6°47 275 — 
3B 10-0 5-1 84-9 6-53 275 — 
23A 12-4 5-0 82-7 15-1 112 —- 
23B 12-4 5-0 82-7 15-2 112 — 
4A 15-0 5-1 80-0 29-5 60 >1500 
4B 15-0 5-1 80-0 30-1 60 >1500 
24A 17-2 4-9 77-9 41-8 40 _— 
24B 17-2 4:9 77-9 4l-i 40 _— 
5A 20-1 5:1 74-9 47-6 36 1056 
5B 20-1 5-1 74-9 48-6 36 1056 
11A 22-4 5-3 72-4 48-3 35 ~- 
11B 22-4 5-3 72-4 48-1 35 — 
6A 25-0 5-1 70-0 46-4 36 496 
6B 25-0 5-1 70-0 46-6 36 496 
7B 29-7 5-1 65-3 35-6 42 271 
7B 29-7 5-1 65-3 36-4 45 271 
10A 34-5 5-0 60-5 25-0 120 123 
10B 34-5 5-0 60:5 23-6 130 123 
12A 39-8 5-2 55-0 17-2 180 68 
12B 39-8 5-2 55-0 17-2 180 68 


In media containing more than 25% of H,SO, only the results for the initial 20% reaction could 
be considered for the calculation of k,. The reaction in 39-8% H,SO, appeared to stop at about 62% 
conversion. 


TABLE 2. Effect on k, of change of initial concentrations of the reactants. 
Temp. 55°. 21% H,SO,, 5-2% H,O, 738% AcOH. 


Expt. Initial concn. (g. mole 1.~) 10*k, Expt. Initial concn. (g. mole 1.-') 10*k, 
no. Ph,C-OH C,H,Me-OH (I. mole sec.~*) no. Ph,C-OH C,H,Me-OH (I. mole sec.—!) 
13A 0-0807 0-0795 48-6 15B 0-0202 0-0793 47-8 
13B 0-0807 0-0798 47-2 16A 0-0803 0-2006 47-8 
14B 0-0799 0-0197 47-2 16B 0-0802 0-2006 46-9 
14C 0-0793 0-0191 47-2 17A 0-2002 0-0304 47°8 
15A 0-0200 0-0815 48-3 17B 0-2002 0-0301 47-2 


TABLE 3. Variation of k, with medium composition at 25°. 
Initial [Ph,C-OH] = 0-025, [o-cresol] = 0-1m. 


Expt. Medium (% by wt.) 10k, Expt. Medium (% by wt.) 10k, 
no.' H,SO, H,O AcOH (I. mole sec.-') no. H,SO, H,O AcOH (I. mole sec.~!) 
25A 21-0 5-2 73-9 5-33 26B 17-2 4-9 779 3-66 
25B 21-0 5-2 73-9 5-33 28 14-7 5-0 80-3 1-93 
27 19-6 5-1 75-3 5°17 29 12-4 5-0 82-7 0-81 
264 17-2 4-9 77-9 3-66 30 0-0 5-1 95-0 0-00 


containing up to 40% of sulphuric acid but interaction of the medium with o-cresol was 
marked in media containing more than 25% of sulphuric acid. The attack on the o-cresol 
was followed by a parallel investigation of its rate of disappearance in each medium in 
the absence of triphenylmethanol. Comparison with the rate of triphenylmethylation 
was made by calculation of the time of half-change for both reactions, the results of which 
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are shown in Table 1. It can be seen that this side reaction is negligible in media con- 
taining less than 25% of sulphuric acid. 

Correlation of Rate Constant and the Ionisation of Triphenylmethanol.—No reaction was 
observed in a medium which did not contain sulphuric acid, indicating complete lack 
of reactivity. If the reaction is bimolecular between the triphenylmethy]l ion and o-cresol 
the rate of reaction will be given by : 


Rate = k,[Ph,C*][o0-cresol] + ef oh we ee 


where kp, the theoretical rate constant, is independent of the medium. It follows from 
(1) and (2) that 
ka =hf[PhRC*)/[PhCOH] ....... @ 


Some values of the % ionisation of triphenylmethanol were directly determined for media 
in which k, had been measured; where they were not directly obtained, the values were 
read from a plot of the ionisation results given in Table 4 against composition of the 


TABLE 4. Jonisation of triphenylmethanol in sulphuric—acetic acid. 
[Ph,C-OH] ~10-5m. 


Medium (% by wt.) Ionisation (% Medium (% by wt.) Tonisation (%) 

H,SO, H,O AcOH at 55° at 25° H,SO, H,O0 AcOH at 55° at 25° 
5-0 5-0 90-0 0-718 0-117 17-2 4-9 77-9 66-9 49-5 
9-9 5-0 85-1 9-02 2-41 19-6 5:1 75:3 83-6 71-4 
12-4 5-0 82-7 23-2 9-07 22-2 5-0 72-7 92-2 85-0 
14-7 5-0 80-3 44-9 23-9 


medium. The test of equation (3) at 25° and at 55° is shown in Fig. 2. A straight-line 
relation between k, and % ionisation is evident at both temperatures up to 70% ionisation. 
The failure of the rate constant td continue to rise with increasing formation of the tri- 
phenylmethyl ion above this point corresponds to the more strongly acid media containing 
20—25% of sulphuric acid. Ionisation of triphenylmethanol is virtually complete in 25% 
sulphuric acid and its variation with medium strength is normal. The lack of correlation 
in this range appears therefore to be associated with the o-cresol, but it cannot be attributed 
to chemical attack of the medium on the o-cresol as the results in Table 1 show that this is 
negligible in media having less than 25% of sulphuric acid. A significant fact is that in 
both the 20% and the 22-4% sulphuric acid the rate equation is followed normally over 
80—90% of the triphenylmethylation, as in media of lower acidity, whereas in media 
above 25% sulphuric acid the rate equation is only followed for about 20% of the reaction. 
The explanation may be appreciable formation of the conjugate acid of o-cresol in the 
range 20—25% sulphuric acid. The cation CH,°C,H,-OH,* would probably not react 
with the triphenylmethyl ion, and consequently the experimental rate constant k, would 
be reduced in direct proportion to the extent of formation of this ion. 


Ph,C OH Ph,C + 
OH 
(1) H SO,4H H (11) 


Me Me 


Formation of the Coloured Intermediate.—The immediate development of a deep brown 
colour on the addition of certain phenols, including o-cresol, to a solution of triphenyl- 
methanol in sulphuric-acetic acid was discussed by Hardy.® Since the colour change 
appeared only with those phenols which either yield tetraphenylmethane derivatives or 
reduce the alcohol to triphenylmethane and not for completely unreactive phenols, Hardy 
suggested that it indicated the formation of a quinonoid intermediate which for o-cresol 
would be (I), this later losing a molecule of sulphuric acid to give 4-hydroxy-3- 
methylphenyltriphenylmethane. Baeyer* had previously observed that triphenylmethyl 
chloride gave an intense brown colour in phenol, m-cresol, and #-cresol, a less intense 
colour in o-cresol, but none in guaiacol, thymol, trichlorophenol, or some other deactivated 
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phenols unless stannic chloride was added. All solutions in which a colour was obtained 
gave off hydrogen chloride when kept or heated. As the above reactions can now be regarded 
as taking place through electrophilic attack by the triphenylmethyl ion formed from 
either the alcohol or the chloride, a more correct representation of the intermediate would 
be (II). However it is unlikely that structure (II) would be the deep brown intermediate 
since if the triphenylmethyl] ion formed a sf*-hybridised bond with a carbon atom of the 
ring as shown, with the predominating resonance structure of the product having the 
positive charge on the oxygen atom, the electrons should be less mobile. Further, this 
structure is similar to the usual representation of the transition complex for electrophilic 
aromatic substitution which is momentarily formed by the relatively small fraction of 
molecules of high energy content and would be expected to lose a proton to form the 
product or break down to the reactant molecules almost instantaneously. The fact that 
the intense brown colour changes on dilution into the yellow colour of the triphenyl- 
methyl ion strongly suggests that it is a x-bonded molecular complex between the tripheny]l- 
methyl ion and o-cresol. This complex could proceed through (II) and proton-elimination 
to the product. A study of this complex and others similarly formed is being undertaken. 

An attempt was made to discover whether there was a hydrogen isotope effect in the 
reaction by studying the triphenylation of 3 : 5-dideutero-2-cresol under the same con- 
ditions. This however could not be achieved as the deuterocresol compound exchanged 
its deuterium atoms for hydrogen very rapidly in the acid media used. 

The Constants of the Arrhenius Equation.—The true rate constants for the triphenylation 
reaction at 25° and 55° represented by &, in equation (3), evaluated from the slopes of Fig. 2, 
are 7-35 x 10 and 6-16 x 10° 1. mole™ sec.-! respectively which lead to the Arrhenius 
equation k = 1-04 x 10’ exp (—13,480/RT) (1. mole sec“). The low value of the 
energy of activation (13-480 kcal. mole) is in accordance with the reactive character 
expected of the triphenylmethyl ion, while the steric limitations imposed by the attach- 
ment of three phenyl groups to the central carbon atom would be expected to reduce the 
non-exponential term appreciably from the theoretical value of ca. 1014. 


One of the authors (J. M. C.) acknowledges a maintenance allowance from the Department 
of Scientific and Industrial Research. 
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561. Phenylchloroboronites and Phenylboronates. 


By S. H. DANDEGAONKER, W. GERRARD, and M. F. LAppeErt. 





A number of new phenylchloroboronites, Ph*BClOR, and phenyl- 
boronates, Ph*B(OR),, have been prepared, including the first examples of 
aryl esters. Reactions of phenylchloroboronites with water, alcohols, 
phenols, ethers, and pyridine have been investigated. Alkyl phenylchloro- 
boronites, except the benzyl ester, were thermally stable and the effects of 
various factors on the decomposition into alkyl chloride were studied. By 
contrast, phenyl phenylchloroboronite disproportionated when heated in a 
vacuum. Reactions of phenylboronates with phenylboron dichloride and 
with pyridine are reported; the diaryl phenylboronates formed complexes 
with pyridine. Infrared spectra are discussed. 


In a recent paper Brindley, Gerrard, and Lappert ! described certain properties of dialkyl 
phenylboronates, Ph-B(OR),, and of alkyl phenylchloroboronites, Ph-BCl-OR; their 
preparation had been considered earlier.2* We have now extended these studies and also 


1 Brindley, Gerrard, and Lappert, J., 1956, 1540. 
2 Idem, J., 1955, 2956. 
3 Idem, J., 1956, 824. 
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describe the preparation and properties of the corresponding phenyl and o-tolyl esters, 
e.g., PhB(OAr), and Ph:BCI-OAr; such aryl esters have not previously been reported. 

A number of new dialkyl phenylboronates as well as the diphenyl and di-o-tolyl esters 
were prepared in high yields by esterification of phenylboronic anhydride (see Table 1), 
and diphenyl phenylboronate was also obtained from phenylboron dichloride. 


Ph:BO + 2ROH ——» Ph-B(OR), -+- H,O 
Ph-BCI, + 2PhOH ——® Ph-B(OPh), -+ 2HCI 


Of the phenylchloroboronites only the n-butyl *4 and the (+)-1-methylheptyl } esters 
were known. Ten alkyl phenylchloroboronites have now been prepared and also the 
phenyl and o-tolyl esters, from phenylboron dichloride and the appropriate phenylboronate 
or alcohol or phenol (see Tables 3 and 4). 


Ph:B(OR), + Ph:-BCl, ——s 2Ph-BCI-OR 
Ph-BCI, + ROH ——» PhBCI-OR + HCI 


Both phenylboronates and phenylchloroboronites were readily hydrolysed. Reaction 
with alcohols and phenols was demonstrated for phenylchloroboronites : 


Ph-BCI-OR + ROH —— Ph-B(OR), + HCl 


It had previously been shown that #-butyl phenylchloroboronite was thermally stable, 
but that in the presence of Lewis acids it decomposed readily at 20° (reaction A); with the 
(+)-l-methylheptyl ester, (—)-2-chloro-octane was obtained.1 The thermal stability of 
phenylchloroboronites has now been considered over a wider field. isoButyl phenylchloro- 
boronite was substantially unchanged after being heated at 160—165° for 65 hr. In the 


Ph-BCIOR ——® Ph'BO+RCI . ...... . (A) 


presence of a trace of ferric chloride, decomposition (A) was rapid at 20°, giving a mixture 
of tso- and tert-butyl chloride. Benzyl phenylchloroboronite was less stable; it 
decomposed in 24 hr. at 20°. In the a-methyl ester series (Table 5) the relative rates of 
decomposition were R = But > Pr'> Et > Me. In reaction (A) the rate-determining 


Syl 


OBPh ++ Rt —» RCI 
RO-BPhCl ——» [RO-BPh]* ne >» a. ae 
—> OBPh + RCI 


n2 


step is the B-Cl heterolysis, followed by one of the reactions (B). Thus, (a) the rate of 
reaction is governed by the electron-releasing power of R, (8) electrophilic catalysts 
accelerate the reaction, and (c) Walden inversion of the group R occurs, if R is not hindered 
with respect to Sy2 “ in line” replacement, or else proceeds through a carbonium cation, as 
evident from the cited example of a Wagner—Meerwein rearrangement. 

Phenyl phenylchloroboronite, in contrast to the alkyl esters did not decompose, but 
disproportionated when heated in a vacuum. 


2Ph-BCl-OPh ——» Ph-BCl, -+- Ph:B(OPh), 


The application of a vacuum (to remove phenylboron dichloride) was important since 
this reaction is reversible, the reverse being a method of preparing the ester. A compar- 
able difference between aryloxy- and alkoxy-boron chlorides had been noted ** with 
dichloroboronites RO-BCl, and chloroboronates (RO),B-Cl, and may be attributed to the 
difficulty of aromatic compared with aliphatic nucleophilic substitution. 


* Mikhailov and Kostroma, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1956, 10, 376. 
5 Colclough, Gerrard, and Lappert, J., 1955, 907; 1956, 3006. 
* Lappert, Chem. Rev., 1956, 56, 959. ' 
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Phenylchloroboronites did not react with ethers; in this they resemble the chloro- 
boronates, but contrast with the dichloroboronites.® 

n-Butyl phenylchloroboronite forms a 1: 2Ycomplex with pyridine.1 This is now 
found also for the ethyl homologue and the aryl esters. These complexes are stable and 
crystalline and are easily hydrolysed. 

Diary! phenylboronates (unlike the di-n-buty] ester 4) formed crystalline 1 : 1 complexes 
with pyridine. Similarly triaryl borates, in general, co-ordinate with pyridine, whereas 
trialkyl borates do not. 

The molar refractivities of the phenylboronates and phenylchloroboronites were in 
reasonable agreement with those calculated from Vogel’s atomic refractivities 7 (except 
boron) and Torssell’s value § of 3-94 for boron. 

The infrared spectra of these compounds are, in general, consistent with established 
correlations between band frequencies and structures. For example, all the phenyl- 
boronates and phenylchloroboronites exhibit very strong absorption in the region of 
1310—1350 cm.-!. Werner and O’Brien ® attributed such absorption by alkyl and aryl 
borates to B-O stretching modes and a similar assignment can be made here for the 
boronates and boronites. Also, all the compounds have strong absorption bands near 
690—700 and 750—760 cm.=-!, showing that the out-of-plane CH modes of boron-substituted 
aromatic compounds fit the rules given by Randle and Whiffen.!° 

The spectra of all phenylchloroboronites include a band in the region 890—916 cm.“}, 
at least as intense as, and usually more intense than, the strong phenyl bands at 690— 
700 cm.-!, and these can be tentatively assigned to stretching of B-Cl bonds: they 
lie close to the frequency (958 cm.-) of the degenerate stretching vibration of BCl,,14 and 
fit moderately well application of Gordy’s rule * to the B-Cl stretching frequency. 
Gordy’s rule suggests a range of 750—850 cm."!; it neglects interaction with neighbouring 
bonds and is therefore very approximate; phenylboronates have mostly only weak bands, 
if any, in this region but a few have bands of medium intensity (e.g., diethyl and di-tert.- 
butyl phenylboronate). It is therefore advisable to assume the presence of a B-Cl bond 
in compounds containing! boron and chlorine only {when the intensity of the band near 
900 cm.“! is greater than that of the band due to a phenyl group near 700 cm.*}. 

Our observations with respect to the spectra of phenylboronates are generally similar 
to those by Letsinger.** 


EXPERIMENTAL 


Preparations and Techniques.—Phenylboronic acid was obtained by Bean and Johnson’s 
method ; ! the corresponding anhydride was obtained by dehydration. Phenylboron dichloride 
was prepared by the method of Abel, Dandegaonker, Gerrard, and Lappert.'® The ethyl and 
tert.-butyl esters of phenylboronic acid were prepared by Brindley, Gerrard, and Lappert’s 
procedure.* Analytical techniques have been described previously.'** Boron in diaryl phenyl- 
boronates and in aryl phenylchloroboronites could not be satisfactorily analysed; the methods 
tried were: (a) hydrolysis to phenylboronic acid, Ph*B(OH),, and the phenol, and titration 
with alkali in presence of mannitol; (b) the modification proposed by Thomas ** for use with 
triaryl borates, namely, distillation with methanol in the presence of a trace of concentrated 
sulphuric acid and titration of boron [as B(OH),] in the distillate. Method (a) gave consistently 
high results owing to the acid nature of the phenol, whilst in (b) the results were very low, which 


7 Vogel, J., 1946, 133; 1948, 616, 644, 654. 

® Torssell, Acta Chem. Scand., 1954, 8, 1779. 

* Werner and O’Brien, Austral. J. Chem., 1955, 8, 355; 1956, 9, 137. 

1° Randle and Whiffen, Inst. of Petroleum Conference on Molecular Spectroscopy, 1954. 
11 Anderson, Lassettre, and Yost, J. Chem. Phys., 1936, 4, 703. 

12 Gordy, ibid., 1946, 14, 305. 

13 Letsinger, personal communication. 

14 Bean and Johnson, J. Amer. Chem. Soc., 1932, 54, 4415. 

18 Abel, Dandegaonker, Gerrard, and Lappert, J., 1956, 4697. 

16 Thomas, J., 1946, 820. 
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we interpret as due to the non-formation of a methanol—dimethyl phenylboronate azeotrope as 
required by the method. 
Preparation of Phenylboronates.—(1) Phenylboronic anhydride (2-5—5-0 g., 1 mol.), the 


alcohol or phenol (slightly greater than 2 


mols.), and benzene or toluene (50—80 c.c.) were 


heated together in a flask fitted with a 15 cm. lagged Vigreux column fitted with a modified 


Yield 
R (%) 
ee 82 
Me isdhsaienieane 86 
BP ciscvcseuceviines 84 
AC Figg kescensse 94 


n-CgH,,*CHMe* 
ClCH,’CH, 

Ph-CH, 
Ph 
o-CgH,Me 


* a7? — 14-50°; from RO H,a?? —8-00°. 


TABLE 1. 


B. p./mm. 
54°/0-05 
76—77°/0-03 
69—70°/0-03 
157—160°/0-05 
148—150°/0-05 
109—110°/0-03 
190 —192°/0-2 
140—150°/0-05 
149—151°/0-05 


16°. * Found: OPh, 68-0. 
70-9%. 
TABLE 2. 
Yield 
R (%) B. p./mm. 
A innidlasatahintiies 92 52°/4 
ME ~sasesidbdnaaied 93 69—70°/10 
ee 96 55°/0-15 
SE - cideusioniianls 93 52°/0-05 
een 94 49°/0-05 
ST cceictnithicacs 89 44°/0-05 
i aes 80 112—113°/0-05 
n-CgH,,°CHMe* 77  108—110°/0-05 
Cl-CH,-CH, 81 62°/0-05 
2p ee 81 122—123°/0-5 
| A 62 109—110°/0-05 
o-C,H,Me ....... 95 107°/0-05 


‘ap —34-7°; 


H,O. * Found 
OPh, 43-4%. 


nF oma a 
n-C,H,5°CHMe... 
ClCH, CH, 


eeeeee 


* See Table 


7.0/ 
47-5%. 


from Ph-B(OR),, a7? —14-5°. 


: CC, @s: HB, 67. 


9 Found: O-C,H,Me, 47:1. 


Reqd. : OPh, 67-9%. 


Phenylboronites, Ph:B(OR)>. 


ound (%) 





ase 

nz d, Cc Ss 

1-4632 0-9283¢ 70-1 8-3 5-2 
14675 0-9153¢ — — 46 
1-4650 0-9045¢ — 46 
1-4700 0-8954 76-2 11-3 3-2 
1-4670 0-8894 75-7 11-5 3-0 
15135 1-1024 48-2 5-8 4-4 
15745 1:1104 79-7 6-6 3-6 
M. p. 98—100° 76:1 56 — 
1-5457° 1-020 78:8 65 — 


nw d, Cl B Formula cl 
15168 1-086% 23-0 7-0 C,H,OCIB 23-0 
15032 1-004¢ 21-0 64 C,H,,OCIB 21-1 
+ 1-4928 1-022 192 59 C,H,,OCIB* 19-5 
1-4920 1-009 17-9 5-4 C,,H,,OCIB 18-0 
1-4898 1-:007% 17-9 5-5 “ 18-0 
1-4955 1-021% 18-1 5-5 ae 18-0 
14900 0-976 140 43 C,,H,,OCIB 141 
1-4877 0-963 13-9 4-3 “A 14-1 
15265 1-158 "17-24 52 C,H,OCI,B 17-54 
15620 1-136¢ 153 4-7 C,;H,,OCIB 15-4 
15670 1-151% 165 — C,,H,,OCIBS 16-4 
15620 1-156¢ 15:2 — C,3H,,OCIB? 15-4 
>» At 20°. © At 16°. 4¢ Cl hydrolysable by cold 
Reqd.: C, 59-3; H, 66%. Found: OPh, 43-8. 


>» At 26; crystallises after some days. 
J Found : O-C,H,Me, 71-1. Reqd. : O-C,H,Me, 


Found (%) 


Reqd. : O-C,H,Me, 46-9%. 


Phenylchloroboronites, Ph-BCl‘OR (method a). 


Required (%) 
pete 
Formula > m6 UDB 
C,,H,,0,B 69-9 8-2 5-2 
C,,H,,0,B —_ — 
a — — 46 
C.,H,,0,B 76-3 11-3 3-1 
- 76-3 11-3 3-1 
C,oH,,0.C1,B 48-6 5-3 43 
C.,H,,0.B 795 63 3-6 
C,,H,,0,B* 788 55 -- 
Cy9H,,0,B! 79:5 63 
¢ At 20°. © At 


Required (%) 


TABLE 3. Phenylchloroboronites, Ph-BCl‘OR (method b). 
Yield Yield of HCl 


(%) 
70 
86 
59 
65 
62 
83 
75 
70 
46 
70 


2. »* Hydrolysed by cold H,O. 


(%) 
100 
98 
100 
99 
89 
98 
86 
95 
98 
97 


B. p./mm. no Cc 

55°/5 15130 54-7 
86—87°/12 1-5030 56-7 
70—71°/0-3 1-4925 63-1 

64-5°/0-3 1-4885 62-8 
110—112°/0-05 1-4900 66-9 
107—109°/0-05 1-4863 66-5 
64—65° /0-05 1:5260 49-9 
120—122°/0-05 -1-5618 — 
120—125°/0-2 1-5780 66-6 
107—108°/0-05 1-5620 67-7 

¢ Found: OPh, 4 


Found (%) 

H Cl B 
55 22:9 7-0 
5-6 21:0 6-6 
69 18:2 56 
72 #179 5-4 
8-9 13:8 43 
88 13:9 43 
49 17:5° 53 
— 153 47 
48 16-6 ° 
53 15-2 é 
29%. # Found: 


Calc. (%) # 
ec Ff 
5455-2 
57-2 «5-9 
61-3 7-0 
613 7-0 
66-6 8-8 
66-6 8-8 
47-4 45 
66-6 4-7 
67-7 5-2 

O-C .H,Me, 


B 


7 
7° 


“sacar ab 2g 


Nwrwannac oO 


Oc me 


| | 


Reqd. : 


* Reaction in CH,Cl,. 


Dean and Stark still-head. The distillate comprised successively, the water—hydrocarbon 


azeotrope, and the bulk of the remaining hydrocarbon. 


The still-head was then changed for a 


total-reflux partial-ratio head and the remaining material was distilled in a vacuum, affording 
first a small fore-run and finally the pure phenylboronate. 


These esters (see Table 1) with the 
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exception of the m-, sec.-, and iso-butyl esters, are new; the (+)-l-methylheptyl ester has 
previously been obtained.® 

(2) Phenol (3-79 g.) in #-pentane (15 c.c.) was added to phenylboron dichloride (3-20 g.) at 
20° during 15 min. The reaction was vigorous. m-Pentane was removed under reduced 
pressure and the residue afforded a forerun (0-40 g.), and diphenyl phenylboronate (4-40 g., 
80%), b. p. 130—140°/0-05 mm. (Found: PhO, 68-9; B, 4-15%). Hydrogen chloride (1-39 g., 
93%) was trapped in alkali. 

Preparation of Phenylchloroboronites.—(a) The boronate (1 mol.) and phenylboron dichloride 
(1-0—2-5 g., 1 mol.) were mixed at 20°; the mixture became warm and was set aside for 1—3 hr. 
Distillation afforded a small forerun and then the pure phenylchloroboronite (see Table 2). 

(b) The alcohol or phenol (1 mol.) in #-pentane or methylene dichloride (5—15 c.c.) was 
added during }—1 hr. to phenylboron dichloride (2—5 g., 1 mol.) at —80°. The mixture 
was allowed to attain room temperature, whereafter matter volatile at 20°/15 mm. was removed. 
Hydrogen chloride (95—100%) was collected in traps. The residue was fractionated and the 
phenylchloroboronite was obtained as the middle cut (see Table 3). 

Alcoholysis and Phenolysis of Phenylchloroboronites.—The alcohol or phenol (1 mol.) in solvent 
(m-pentane or methylene chloride, 5—15 c.c.) was added to the appropriate phenylchloro- 
boronite (2—10 g., 1 mol.) at 20° during 15 min. The mixture was set aside for 1—3 hr. at 20°, 
whereafter volatile matter was removed at 20°/15 mm. The residue was fractionated to afford 
the phenylboronate. Liberated hydrogen chloride was trapped. The results are in Table 4. 


TABLE 4. Solvolysis of chloroboronites, PhyBCl-OR. 








; Ph-B(OR), 
Yield of HC] , a = 
R (%) Yield (%) B. p./mm. n2 d?° Found (%): B 
97 87 59°/5 1-4962 0-984 73 
90 92 40° /0-05 1-4785 — 6-1 
96 93 85°/0-05 1-4750 — 4:5 
o-C,H,Me ... 95 68 155—158°/0-05 11-5745 -_ 3-8 


Catalytic Decomposition of isoButyl Phenylchloroboronite.—Anhydrous ferric chloride (0-01 g.) 
was added to the boronite (1-04 g.) at 20°. Within 10 min. the mixture became hot. After 
2 hr. at 20°, volatile matter was removed at 20°/15 mm. and condensed. This (0-350 g., 64%) 
was a mixture of fert.-butyl (51%) and isobutyl (49%) chloride [Found: Cl hydrolysed by 
HNO, in 24 hr. at 20° (from Bu‘Cl), 18-9; Cl, 37-9. Calc. for C,H,Cl: Cl, 38-49%). The non- 
volatile residue was extracted with methylene dichloride; this extract, after removal of solvent 
at 20°/15 mm., comprised phenylboronic anhydride (0-52 g., 98%), m. p. 214—216° (Found : 
B, 10-6. Calc. forC,H,OB: B, 10-4%). 


TABLE 5. Decomposition (%) of Ph-BCl-OR. 


Time (hr.) Ph-BCl-OMe Ph-BCI-OEt Ph-BCl-OPr! Ph-BCl-OBut 

0 0 0-75 51-5 

2 0 0-54 1-5 53-5 
3 0-75 1-0 7-6 55-0 
5 1-26 1-33 16-7 55-8 
7 2-0 2-5 18-0 56-1 
10 4-0 8-7 20-2 56-6 
20 5-5 17-8 31-2 58-9 
30 8-9 18-5 33-7 67-4 
40 10-6 19-9 35-0 76-2 
60 15-2 20-5 36-5 88-1 


After isobutyl phenylchloroboronite (1-60 g.) had been heated at 160—-165°, in the absence 
of a catalyst, in a sealed-tube for 65 hr., little decomposition had taken place; thus 1-32 g. 
(83%), b. p. 50°/0-05 mm., #33 1-4880 (Found : Cl, 18-0; B, 5-5%), were recovered. 

Thermal Stability of Benzyl Phenylchloroboronite.—Freshly prepared boronite (1-85 g.) was 
set aside for 24 hr. at 20°; a solid product had begun to separate. Distillation afforded benzyl 
chloride (0-98 g., 96%), b. p. 62—63°/10 mm., m2 1-5395 (Found: Cl, 27-1. Calc. for C,H,Cl: 
Cl, 28-1%), and a residue of phenylboronic anhydride (0-83 g., 99%), m. p. 215—218° (Found : 
B, 10-3%). 
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Relative Stability of the a-Methyl Series of Phenylchloroboronites.—The relative stabilities of 
boronites were determined by heating small (ca. 0-2 g.), weighed samples in sealed tubes at 
160—165°. Samples were withdrawn periodically, hydrolysed in enclosed systems with cold 
water, and analysed for chlorine and boron by titration against carbonate-free sodium hydroxide 
to successively methyl-orange (HCl) and phenolphthalein [B(OH),] end-points, the latter in 
presence of mannitol. The extent of decomposition was calculated from the hydrogen chloride 
titration and checked by considering the ratio of Cl: B. The results are in Table 5, 

Thermal Stability of Phenyl Phenylchloroboronite.—Phenyl phenylchloroboronite (3-45 g.) was 
heated at 155—160°/0-05 mm. under reflux with a cold (— 80°) trap in series for 9 hr., whereafter 
distillation of the remainder afforded diphenyl phenylboronate (2-00 g., 94%), m. p. 98—101°, 
b. p. 150—155°/0-05 mm. (Found: PhO, 69-5; B, 4:7%). The condensate in the cold trap was 
phenylboron dichloride (0-82 g., 65%), b. p. 60—62°/11 mm., mP 1-5440 (Found: Cl, 44-0; B, 
6-7. Calc. for C,H,;Cl,B: Cl, 44-7; B, 68%). 

Lack of Reaction between Phenylchloroboronites and Ethers.—The following 1 : 1 systems were 
investigated at 20°: (1) m-butyl phenylchloroboronite with diethyl and n-butyl isobutyl ether, 
anisole, and phenetole; (2) phenyl phenylchloroboronite with anisole and phenetole; (3) o-tolyl 
phenylchloroboronite with ethyl o-tolyl ether. There was no change in temperature. In 
system (1), in each case after 3—4 hr. under reflux, the phenylchloroboronite (75—98%) was 
recovered on subsequent distillation. In systems (2) and (3), the extent of recovery was 55— 
65%, owing to disproportionation of the aryl phenylchloroboronites, as evident fram the 
isolation in each case of some phenylboron dichloride and diaryl phenylboronate. In none of 
these experiments was there evidence for the formation of alkyl chlorides. 

Pyridine Complexes of Phenylchloroboronites.—Pyridine (slightly >2 mol.) was added to the 
phenylchloroboronite (1 mol.) at —80° during 20 min., whereafter the viscous, syrupy mixture 
was allowed to attain room temperature and was set aside for 24 hr. at 20°. The product was 
washed by decantation with m-pentane, and residual volatile matter was removed (2 hr. at 
20°/12 mm. and 5 hr. at 20°/0-05 mm.). The residue was the white hygroscopic 1 : 2 complex 
between the phenylchloroboronite amd pyridine (see Table 6). 


TABLE 6. Complexes, Ph‘BCl/OR,2C;H,N. 





Yield Found (%) Required (%) 

1e c- "= —, - ate —, 
R (9%) Mp 3 CHN a Aro) CHN Cl ArO 

Se 99  103—107° 47-9 10:9 (B,35%) 48-4 10-9  (B, 3:3%) 

aren 99 105—108 42-5 9-3 25-6 42-2 9-5 25-1 

o-C,H Me ...... 98 1lI—113 40-8 9-0 27-3 40-7 9-1 27°8 


Pyridine Complexes of Diaryl Phenylboronates.—(a) Pyridine (0-88 g.) was added to diphenyl 
phenylboronate (3-00 g.) in methylene dichloride (10 c.c.) at —80° during 10 min. The mixture 
was set aside at 20° for 12 hr., whereafter volatile matter was removed at 20°/15 mm. The 
residue was washed several times by decantation with -pentane, and residual volatile matter 
was removed (2 hr. at 20°/10 mm. and 5 hr. at 20°/0:05 mm.). The residue comprised the 
white 1:1 phenylboronate—pyridine complex (3-80 g., 99%), m. p. 127—130° (Found: PhO, 
53-6; B, 3-2; C;H,;N, 22-1. C,,;H,»O,NB requires PhO, 53-3; B, 3-1; C;H;N, 22.4%). The 
complex was obtained also when the ester (1 mol.) was added to pyridine (3 mols.). 

(6) By a similar technique, from pyridine (2-01 g.) and di-o-tolyl phenylboronate (1-70 g.) 
there was obtained the complex (2-10 g., 98%), m. p. 135—136° (Found: O-C,H,Me, 56-8; B, 
3-16; C;H,;N, 21-0. C,,;H,,O,NB requires O-C,H,Me, 56-6; B, 2-84; C,;H,;N, 20-7%). 


We are very grateful to Mr. H. Pyszora for carrying out the infrared measurements, 
determined on a Grubb-Parsons double beam spectrometer (kindly made available by the 
National College of Rubber Technology), with sodium chloride optics, and to Dr. L. A. 
Duncanson for valuable and detailed comments on these. 
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562. The Use of the Acidity Function Hy as a Tool for the Study 
of Reaction Mechanism in Mixed Solvents. 


By D. P. N. SATCHELL. 


Measurements of the rate of acid-catalysed iodination of acetone in water 
and in various ethanol-water mixtures are reported. The results indicate 
that the usefulness of the acidity function H, as a means of distinguishing 
between different acid-catalysed reaction mechanisms in mixed aqueous 
solvents is limited by a phenomenon which may prove even more restrictive 
than the lack of generality of H, scales in solvents of low dielectric constant. 


THE use of the acidity function H, for diagnosing reaction mechanism in aqueous solution is 
well known.! Certain acid-catalysed mechanisms lead to rates which correlate with the hydro- 
gen-ion concentration [H,0*]}, while others lead to correlations with hy (= antilog —H,). 
Zucker and Hammett’s scheme has also often been invoked in connection with studies 
in mixed aqueous solvents, such as dioxan— and alcohol—water mixtures, but with little 
reason. The ultimate justification of the method is empirical and, so far, in no mixed 
solvent has the Hy scale been shown to be reproducible, nor, which is perhaps more impor- 
tant, have detectably different correlations with acidity been demonstated for reactions 
known from independent evidence to proceed by different mechanisms. Particularly 
significant in the latter connection is Waters’s study ? of the solvolysis of phenyl acetate 
in ethanol-water mixtures. The mechanism of simple ester hydrolysis is of the type 
which, in water,® leads to correlation with [H,O*] rather than with/y. Waters’s data refer 
to rather limited acidity ranges, but, so far as they go, suggest that in ethanolic solvents 
the rate of solvolysis tends to increase with acidity somewhat faster than strict propor- 
tionality to [H,O*} demands, and that this tendency is greater the more ethanolic the 
medium. It seems unlikely that the mechanism of ester hydrolysis undergoes a gradual 
change in these media, and therefore the question obviously arises as to how ethanolic the 
solvent can become before the rate increases linearly with hy with a slope close to unity, 
and so makes impossible any distinction between such a mechanism and the type involving 
a unimolecular step, which should always correlate with Ay if the scale is reproducible. 

Since much further work is clearly needed before mixed solvents can be used in diag- 
nostic investigations along the Zucker-Hammett lines, a study of the iodination of acetone 
in ethanol-water mixtures has been made with hydrochloric and perchloric acids as 
catalysts. 

The acid-catalysed halogenation of ketones in aqueous solution is one of the most fully 
studied of all reactions. The rate is general acid-catalysed, of the first order in ketone, 
and of zero order in halogen. The generally accepted mechanism is : ® 


—CiH," —CH, 
\ \ 


4 


(i) C=O+H,0+———  C=OH++H,0 Fast 
& / 


—CH, —CH 
\ YX 
(ii) C=OH* + H,O—» C—OH + H,O* Slow 


4 
4 
~ 


—CH —CHI 
(ii) == C-OH +1, —> C=O + HI Fast 


4 





1 Zucker and Hammett, J. Amer. Chem. Soc., 1939, 61, 2791. 

2 Waters, J., 1936, 1014. 

* Bell, Dowding, and Noble, J., 1955, 3106; Chmiel and Long, J. Amcr. Chem. Soc., 1956, 78, 3326. 
* Bell, ‘“‘ Acid-Base Catalysis,’’ Oxford Univ. Press, 1941. 

> Bell and Jones, J., 1953, 88. 
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From the viewpoint of dependence on acidity, Zucker and Hammett ! have observed the 
expected proportionality to [H,0*] (and lack of it to Ag) for the iodination of acetophenone 
in aqueous perchloric acid. 

The rate of iodination of acetone in aqueous hydrochloric acid for acid concentrations 
up to 1M was measured by Dawson and Powis.* The present results, shown in Table 1, 
extend their measurements into the region where 4) and [H,O*} are significantly different. 
Dawson and Powis used an acetone concentration of 0-273M and all the rate constants 
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given in the present paper are calculated on the basis of that concentration so that a 
comparison with their data can easily be made. The agreement is, in fact, quite good. 
Figs. 1, 2, and 3 show that the proportionality between [H,O*] and & found by Dawson 
and Powis is reasonably maintained at higher acidities and that there is a definite lack of 
parallelism with hy. Thus the iodination of acetone, as expected, shows in water the same 
type of acidity dependence as the iodination of acetophenone. 

In alcohol-water muxtures the acid-catalysed reaction rate remains of zero order in 
halogen. The results obtained in five different ethanol-water media are given in Tables 
2—7. In Fig. 1, k is plotted against [HA], and in Fig. 2, log & against log [HA], where 

* Dawson and Powis, /J., 1913, 2135. 
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{HA} represents the stoicheiometric acid concentration. In the alcohol-water mixtures 
used both hydrochloric acid and perchloric acid will be essentially completely dissociated 
at all the concentrations employed, the highest being only 3-0m. Further it is probable 
that, at any rate above 45 mole % of water, effectively all the ionisation will be to give 
hydroxonium rather than ethoxonium ions.? In any case, for the comparatively low acid 
concentrations used, there will exist for any given alcohol—water mixture some particular 
value of the ratio [H,O*]/[EtOH,*] which will stay practically constant with changing 
acid concentration. In other words the rate of a general acid-catalysed reaction would be 
expected to be reasonably proportional to [HA] in the solvents used, as in water, always 
provided the activity coefficient ratios involved in the rate equation remain approximately 
constant. 


TABLE 1. Jodination of 0-273M-acetone in water at 25°. 


FRRCR) Pi .crcocccescese 0-030 0-051 0-112 0-420 0-487 1-03 1-50 1-91 2-66 
TOR cccccccccccccsccce 0-132 0-230 0-490 2-12 2-52 5-40 8-40 10-75 16-0 
Fig cacccesencesesetes 1-52 1-30 1-00 0-34 0-26 —0-13 -—035 -—052 —0-79 


* In all Tables, & is the rate of disappearance of iodine (moles 1.-! min.-!) and brackets [ ] denote 
stoicheiometric molarity. 


TABLE 2. Iodination of 0-273M-acetone in 7-2 moles % of ethanol in water at 25°. 


1 + | ore 0-077 0-094 0-292 0-490 0-980 1-47 1-82 2-43 
BOD cccscocscccccccces 0-417 0-464 1-58 2-90 6-28 10-2 13-1 19-1 
TABLE 3. Jodination of 0-273M-acetone in 16-9 moles % of ethanol in water at 25°. 
to: | 0-071 0-118 0-290 0-460 0-960 1-60 1-89 2-40 
BOD cccsieccecsecccoss 0-402 0-680 1-74 2-93 6-30 12-9 16-0 21-1 
TABLE 4. Jodination of 0-273M-acetone in 24-4 moles % of ethanol in water at 25°. 
(ERT) cccccccccocesce 0-032 0-047 0-141 0-430 0-950 1-44 1-90 2-37 
BOD ccovccocescosesces 0-174 0-258 0-88 2-89 7-60 12-3 18-0 24-1 
ily sdettdienteuianese — 2-45 1-95 1-36 0-85 0-51 0-25 —0-02 
TABLE 5. JIodination of 0-273M-acetone in 24-4 moles % of ethanol in water at 25°. 
FE] ccvccccceses 0-048 0-144 0-430 1-05 1-42 1-73 2-42 3-00 
BORD ccccccccssccccces 0-263 0-860 2-77 8-18 12-0 16-3 25-6 40-0 


TABLE 6. Iodination of 0-273M-acetone in 44-4 moles % of ethanol in water at 25°. 


[HICIO,) -ccccccccccccccccccsccscces 0-038 0-148 0-369 0-740 1-48 2-22 2-96 
PEE ctcccsccecescescssosesnsineses 0-261 1-07 2-80 6-51 19-4 39-0 62-0 
Fog coccnccssicccsccncccccccccesiecte 2-69 2-03 1-56 1-14 0-54 0-19 — 
TABLE 7. Iodination of 0-273M-acetone in 63-8 moles °% of ethanol in water at 25°. 
(EI) ccveccccccccccscccecocceses 0-036 0-144 0-362 0-720 1-44 
BD cccscccccsctcscsesecesesssessincs 0-320 1-49 4-07 9-33 30-5 


Examination of Figs. 1 and 2 shows that, as the ethanol content of the medium rises, 
(a) the amount of deviation from essentially exact dependence on concentration shown in 
water increases, and (5) the rate of iodination increases somewhat at constant acid 
concentration. 

(a) This result is analogous to that of Waters. In Fig. 3 the logarithms of the rate 
constants obtained in water and in mixtures containing 24-4 and 44-4 moles % of ethanol 
are plotted against the H, values for these media (Hy values for water are taken from 
refs. 3 and 8 and those for the ethanolic media are as measured by use of the base -nitro- 
aniline). As previously mentioned the correlation in water is poor, and in 24-4 moles % 
ethanol it is, if anything, somewhat worse, but by the time 44-4 moles °% ethanol is reached 
it is quite good. For this medium the correlation between log k and H, is, in fact, rather 
better than that between log & and log [HA] (Fig. 2). As the ethanol content rises the 


7? Braude and Stern, J., 1948, 1976. 
®* Hammett and Paul, J. Amer. Chem. Soc., 1934, 56, 827. 
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change in H, for a given change in acid concentration increases, but so also does the change 
in reaction velocity. In the present case the latter effect begins to overhaul the former 
after about 25 moles % of ethanol. It is clear that at a composition somewhat below 
44 moles °% of ethanol it has become impossible to say whether correlation with log [HA] 
or with H, is the better, and that from this composition onwards this difficulty will 
always be present, any decision being in favour of a correlation with Hp. 

It seems rather unlikely that the mechanism of acid-catalysed halogenation of ketones 
will change as the medium becomes more ethanolic. In particular it is difficult to visualise 
a change to a mechanism involving a rate-determining, unimolecular reaction of the 
conjugate acid of the keto-form—the only mechanism which should show a correlation 
with H, on the Zucker-Hammett basis. An important reason for the increasing departure 
from simple concentration dependence is probably that the sort of ratio of activity co- 
efficients, which must be assumed to remain constant if mechanisms of the ketone halo- 
genation type are to give correlations with [HA], becomes, in fact, less and less constant 
with increasing acid concentration as the ethanol content of the medium is raised. 
Whether or not this is the only reason, it must be concluded that even if a reproducible 
H, scale is eventually established in any ethanol-water mixture containing more than 
about 40 moles % of ethanol, as seems quite possible, studies of the variation of reaction 
rate with acidity in such a solvent will nevertheless be inadequate for diagnostic purposes : 
one anomaly of the present kind makes all other correlations equivocal. Since different 
reactions possessing a mechanism of type (5) will show different degrees of departure from 
simple concentration dependence, it will not be possible to give a definite safety limit 
beyond which results will become ambiguous. However, it is probably safe to use the 
ethanol-water media containing more than 70 moles % of water, though for mixed media 
whose organic components have dielectric constants lower than that of ethanol, more 
water may be necessary. The use of higher acid concentrations than was possible in the 
present work may improve the situation, though consideration of the curvature exhibited 
in Fig. 1 is discouraging to hopes of any great improvement. 

It will be interesting to see how the limits of validity of the Hy scales in mixed media 
compare with the rather ill-defined boundaries set by the phenomenon now reported. 

(b) The slight increase in rate at a fixed acid concentration as the alcohol content of the 
medium is raised might be expected for at least two reasons. First, any contribution to 
the total rate from ethoxonium ions will increase with alcohol content. Secondly, reactions 


* which involve the dispersion of charge in the transition state are favoured by movement 


to media of lower dielectric constant. 

The Hg values for the mixed media used are considerably more positive than those for 
aqueous media of the same acid concentration and, therefore, from this point of view, the 
rates of iodination show no tendency to follow the acidity function. Waters’s results 
also do not show quantitative dependence on Hy in this respect. It seems likely that, 
since at low acid concentrations, the changes in Hy with alcohol content are quite large,’ 
variation of solvent composition at a fixed acid concentration will prove a more powerful 
method of establishing the presence or absence of correlations with Hy in these media than 
the variation of the acid concentration. 


EXPERIMENTAL 


Materials.—‘*‘ AnalaR ”’ acetone, absolute alcohol (99-5 wt.%), and perchloric acid were used. 
Iodine was resublimed and p-nitroaniline was recrystallised, m. p. 148°. 

Kinetic Experiments —The disappearance of iodine was followed colorimetrically with a 
Beckman spectrophotometer. Iodine was shown to obey Beer’s law in the various media 
used. The iodination is reversible, the equilibrium lying closer to the free iodine side the 
higher the acid concentration and the more ethanolic the medium. This difficulty can be 
overcome by the addition of sufficient sodium nitrite to re-oxidise the iodide ions which are 
produced to iodine. This method has the incidental advantage that all, instead of half, the 
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iodine is used, so that the reaction takes twice as long to complete and higher acid concentrations 
are thus made accessible. 

The useful iodine concentrations for a 1 cm. path are in the range 10°—10-‘m. The acetone 
was always in at least a ten-fold excess. The sodium nitrite concentration used was 5 x 10M. 
In making up the reaction mixtures, calculated volumes of water, ethanolic (or aqueous) iodine 
and concentrated aqueous hydrochloric (or perchloric) acid were mixed, together with the 
sodium nitrite when necessary, in a stoppered flask. The flask and contents were brought 
to 25° in a thermostat bath and the reaction started by the addition of a small quantity of 
aqueous acetone. Samples of reaction mixture were withdrawn at suitable intervals, and their 
light absorption measured. It was shown that inappreciable cooling took place during the 
optical measurements. In calculating the concentrations of the reactants allowance was made 
for the small volume changes involved on mixing the various solutions. 

Good zero-order plots were obtained for all the quoted rate constants. In water and the 
more aqueous mixed media at low acid concentrations, the reaction goes to completion even 
in the absence of nitrite, and it was verified that the observed specific rates in the presence and 
absence of nitrite were identical.1 For the media containing 24-4 moles % of ethanol experi- 
ments were conducted with both hydrochloric acid and perchloric acid. The two sets of values 
agree closely, as it is to be expected if dissociation is complete. The reason for the change to 
perchloric acid at this point was that in the more ethanolic media good kinetic plots were not 
obtained with hydrochloric acid as the catalyst, while perchloric acid solutions behaved 
perfectly. 

Measurements of Acidity Function.—The H, values for the media containing 24-4 moles % 
of ethanol and hydrochloric acid and for those containing 44-4 moles % of ethanol and perchloric 
acid, were measured by the usual methods® with a Beckman spectrophotometer. The 
temperature was 18° + 1° and the indicator p-nitroaniline. No sodium nitrite was added, 
the reasonable assumption ® being made that a neutral-salt concentration of 5 x 10m would 
have a negligible effect on Hy. The Hy values were calculated on the basis of the pK, value for 
p-nitroaniline recommended by Long and Paul,® viz., 0-99. 

H,-values for 0-1- and 1-0-mM-hydrochloric acid in a medium containing 24-4 moles % of 
ethanol can be interpolated from the work of Braude and Stern’ who covered the whole 
composition range at these acidities. The corresponding values now obtained differ more 
in magnitude and are somewhat more positive than theirs. It is pointed out that the same 
is true of values recently obtained by Baines and Eaborn’® for a more ethanolic medium. 


The author is grateful to Dr. I. R. Beattie and Dr. V. Gold for helpful discussions. 


Kinc’s CoLLeGE (UNIVERSITY OF LONDON), STRAND, 
Lonpon, W.C.2. [Received, January 2nd, 1957.) 


* Long and Paul, Chem. Rev., in the press. 
10 Baines and Eaborn, J., 1956, 1436. 





563. Conjugated Macrocycles. Part XXX.* Tetramethyltetraza- 
porphin. 


By P. MARGARET Brown, D. B. SPIERS, and MARGARET WHALLEY. 


Methylmaleinitrile (citracononitrile) (I) has been prepared in good yield 
for the first time. It has been converted into a tetramethyltetrazaporphin 
(VI) which has also been obtained from methylsuccinimidine (VIII). Tetra- 
methyltetrazaporphin has been degraded to citraconimide, and some of its 
metal derivatives (V; M = Mg, Cu, or Ni) have been prepared. Light 
absorptions are given. 


TETRAZAPORPHINS have been prepared from maleinitrile and its derivatives by treatment 
with organomagnesium compounds. We have now achieved a good synthesis of 


* Part XXIX, J., 1957, 2466. 


1 Linstead and Whalley, J., 1952, 4839. 
? Ficken and Linstead, ibid., p. 4846. 
3 Baguley, France, Linstead, and Whalley, J., 1955, 3521. 
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methylmaleinitrile (citracononitrile) and have effected its conversion with magnesium 
propoxide into tetramethyltetrazaporphin (VI), in the molecule of which each pyrrolic 
corner has one free and one methyl-substituted $-carbon atom. 

Tetramethyltetrazaporphin has also been obtained from methylsuccinimidine. 

There was no good method for the preparation of citracononitrile (I). It was obtained, 
in small yield, as one of the products of irradiation of a solution of methylfumaronitrile 
(II) in acetone with ultraviolet light. The obvious route, by dehydration of methyl- 
maleamide (citraconamide) (III) with phosphoric oxide had given only citraconimide (IV), 
although dehydration of the trans-diamide readily gave methylfumaronitrile * (IT). 


— i ian Me-C-CO-NH, od wae ” 
DN 
H-C-CN NC-C-H H.C-CO-NH, H-C-CO” 


(1) (It) (111) (IV) 


The dehydration of citraconamide (IIT) was now further investigated. It was confirmed 
that with phosphoric oxide it gave only citraconimide (IV), but with carbonyl chloride 
in pyridine ® it gave citracononitrile (I) as a colourless liquid whose properties corresponded 
with those reported by Duez.* The cis-configuration of the product was established by 
comparison of its physical properties with those of the known #rans-isomer (II) and by its 
acid hydrolysis to citraconic acid. 

Citracononitrile (I) reacted with magnésium propoxide in boiling propanol, to give a 
new blue pigment which is formulated as (V; M = Mg) (or an isomeric form in which the 
relative positions of the methyl groups are different). Copious evolution of ammonia 
during the reaction was probably due to propanolysis of the citracononitrile to the ortho- 
ester, which would not be a pigment precursor. This would account for the rather low 
yield of pigment. Magnesium tetramethyltetrazaporphin was isolated as the monometh- 
anolate. This solvate formation is characteristic of the magnesium tetrazaporphins.! 2 5 7 

The metal-free pigment (VI, or a positional isomer) was obtained from magnesium tetra- 
methyltetrazaporphin (V; M = Mg) by treatment with cold glacial acetic acid. A yield 
slightly lower than that of the magnesium pigment was given by treatment of the citracono- 
nitrile-propoxide reaction product directly with cold glacial acetic acid. 

Like the other tetrazaporphins, tetramethyltetrazaporphin forms a series of metallic 
derivatives, ¢.g., in boiling o-dichlorobenzene with copper bronze the derivative (V; 


~ M = Cu) and with anhydrous nickel chloride (but not nickel acetate) the derivative (V; 


M = Ni). In chlorobenzene neither reaction proceeded to completion even on prolonged 
boiling. Metal exchange was possible with the magnesium pigment (V; M = Mg), which 
with copper bronze in boiling pyridine gave the derivative (V; M = Cu), but no reaction 
occurred with anhydrous nickel chloride under these conditions. 

The structure (VI or positional isomer) for tetramethyltetrazaporphin is suggested by 
the analytical data, method of preparation, and physical properties, particularly light 
absorption, of the metal-free and metal pigments. Conclusive proof is provided by the 
degradation of the metal-free pigment with chromium trioxide and sulphuric acid at 0° to 
citraconimide (IV) in 61% yield. This easy degradation to citraconimide contrasts with 
the porphyrin series: only in a few cases (see, ¢.g., ref. 8) has citraconimide been detected 
among the oxidation products of porphyrins which contain monomethylated pyrrole 
corners. 

However, the isolation of citraconimide proves only that each pyrrolic corner of the 
pigment (VI) has one 8-methyl group and one $-hydrogen atom. Tetramethyltetraza- 
porphin can of course exist in four pes‘tionally isomeric forms corresponding to the four 


4 Duez, Bull. Acad. roy. Belg., 1939, 25, 646. 

5 Bruylants and Jennen, ibid., 1936, 22, 1141; van de Straete, ibid., 1935, 21, 226. 
® Ficken, France, and Linstead, J., 1954, 3730. 

7 Linstead and Lowe, /., 1934, 1022. 

8 Fischer and Wenderoth, Annalen, 1939, 537, 170. 
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@lioporphyrins described by Fischer and Stangler.? The relative positions of the four 
methyl groups in the new pigment have not been disclosed and indeed it is not known that 
our product is a single isomer. No banding was observed during chromatography of the 


metal-free pigment in chlorobenzene on alumina (Spence H) or on tartaric acid. However 
the greater solubility of the tetramethyltetrazaporphin and of its metal derivatives than of 
the corresponding tetrazaporphins (which is unexpected because the octamethyltetraza- 
porphins * are considerably less soluble) suggests that the new pigments are mixtures of 
isomers. 


™ aw 


NH NR 
' u u 
ZZ ce ZL 
MeHC—CN MeHC~ \ MeHC” \ MeHC~ \ 

NH | NH | NH 

H,C—CN H.C. 4 H,C 4 H.C. a 
¢ ¢ ¢ 
(VII) (VIII) NH (Ix) © (X) O 


The tetramethyltetrazaporphins closely resemble the unsubstituted tetrazaporphins.! 
They are not sufficiently stable thermally to permit sublimation even at low pressures. 
Solutions of the magnesium pigment in alcohols and in pyridine show a strong fluorescence, 
crirason in daylight and brilliant orange in ultraviolet light. Solutions of the metal-free 
compound in benzene or chlorobenzene also show a marked crimson fluorescence. Like 
other magnesium tetrazaporphins, magnesium tetramethyltetrazaporphin gives a bright 
red chemiluminescence when it is added to hot tetralin containing peroxide. 

The light absorptions (see Table and Figure *) are very similar to those for the tetraza- 
porphins and octamethyltetrazaporphins. 

An alternative route to the preparation of tetramethyltetrazaporphin was suggested by 
the conversion of dimethylsuccinimidine into octamethyltetrazaporphin 1° and of cis-hexa- 
hydrophthalimidine into tetracyclohexenotetrazaporphin.™ 

Methylsuccinonitrile (VII), the saturated analogue of citracononitrile, was prepared in 
good yield by the route: citric acid —» itaconic anhydride —» methylsuccinic acid —> 
imide —-»> diamide —» dinitrile. Addition of ammonia to methylsuccinonitrile (VII) 
yielded methylsuccinimidine (2 : 5-di-imino-3-methylpyrrolidine) (VIII) which was charac- 
terised as the picrate and by its stepwise hydrolysis to methylsuccinimide (X). The 
intermediate imino-imide probably has the orientation (IX; R =H). Under the mild 
conditions used the methyl substituent would be expected to hinder hydrolysis at the 
adjacent imino-group. In boiling propanol the imino-imide (IX; R = H) reacted with 
hydroxylamine to give the hydroxyimino-compound (IX; R = OH). 


* Full curves are given because these best characterise the pigments. For tetrazaporphin pigments 
in general, elementary analyses, and even Emax. values are not such reliable criteria of purity. 

* Fischer and Stangler, Annalen., 1927, 459, 54 

1® Linstead and Whalley, J., 1955, 3530. 

1! Ficken and Linstead, J., 1955, 3525. 
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Heating the imidine (VIII) in chlorobenzene with nitrobenzene or better in butanol- 
nitrobenzene (1:1) gave, as principal product, metal-free tetramethyltetrazaporphin. 
This was spectroscopically identical with the metal-free pigment obtained by the propoxide 
method. The pigment was contaminated with small amounts of a hydro-derivative 
(Amax. in chlorobenzene 681, 525 my). 


Absorption of (A) tetramethyltetrazaporphin and (B) nickel tetramethyltetrazaporphin, in chlorobenzene. 
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7OFr 
8: 
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50 
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4 
JO 
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/O 
ia cs ! l “205 
JOOO 4000 5000 . 6000 7000 
Wavelength (i ) 
Pigment Solvent Amax.(mpu) loge Pigment Solvent Amax.(mu) loge 
Metal-free (from Chloro- 341 4-71 Magnesium Pyridine 338 4-80 
citracono- benzene 552 4-71 546 4-21 
nitrile) 596 3-99 596 5-03 
624 4-90 Propanol 264 4-39 
333 4-90 
Metal-free (from o0-Dichloro- 340 4-73 544 4-26 
methylsuccin- benzene 554 4-52 593 5-09 
imidine) 595 3-91 
624 4-73 Copper Chloro- 339 4-82 
benzene 536 4-25 
585 5-03 
Nickel Chloro- 314 4-43 
benzene 342 4-49 
543 4-31 
585 4-81 
EXPERIMENTAL 


Microanalyses were carried out in the Microanalytical Laboratory (Miss J. Cuckney), and 
ultraviolet and infrared spectra in the Spectrographic Laboratory (Mrs. A. I. Boston and 
Mr. R. L. Erskine) of this Department. 

Dimethyl Citraconate.—Citraconic anhydride }* (48 g.) was refluxed overnight with methanol 
(150 c.c.) containing a little concentrated sulphuric acid. The methanol was removed and the 
residue was distilled to give dimethyl citraconate (44 g., 66%), b. p. 112—120°/29 mm., n? 
1-4453. 

Citraconamide.—Dimethyl citraconate (98 g.) and aqueous ammonia (d 0-880; 150 c.c.) were 
kept at 0° im the dark. Citraconamide (37 g., 50%) slowly separated and, crystallised from 
ethanol containing a little water, had m. p. 197—199° (decomp.) (Found: C, 46-6; H, 6-3; N, 
21-9. Calc. for C,H,O,N,: C, 46-9; H, 6-3; N, 21-9%). (Strecker’s product,!* m. p. 185— 
191°, probably contained some methylfumaramide.) 


12 Org. Synth., Coll. Vol. II, pp. 368, 140. 
13 Strecker, Ber., 1882, 15, 1639. 
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Citracononitrile—Citraconamide (40 g.) was suspended in dry pyridine (500 c.c.), and 
carbonyl chloride (dried by passage through concentrated sulphuric acid) was bubbled into the 
rapidly stirred suspension. The temperature was maintained at 65—70° by control of the gas 
flow and by external cooling. When the reaction was complete (ca. 1 hr.), the solution was 
allowed to cool for 3 hr. and it was then poured cautiously on ice. The mixture was made 
acid (Congo-red) with concentrated hydrochloric acid, and the dark red solution was 
continuously extracted with ether for 3 days. The ether was removed and the residue was 
distilled, to give citracononitrile (24-5 g., 85%), b. p. 66°/0-5 mm., un? 1-4587, m. p. 11—13° 
(methyHumaronitrile has b. p. 71°/15 mm., m. p. —17-6° to —17-2°) (Found: C, 64-7; H, 4-5; 
N, 30-1. Calc. for C;H,N,: C, 65-2; H, 4-4; N, 30-4%), Amax. in EtOH 224 my (log e 4-06), 
principal infrared max. (in Nujol) 3040 (C-H stretching), 2237 (C=N stretching), 1613 (C=C 
stretching), 1441 (CH,-C deformation), 1381, 1176, 1045, 837 (;C-H deformation), 768 cm.~}. 

Hydrolysis of Citracononitrile.—Citracononitrile (200 mg.) was warmed on the steam-bath 
for 4 hr. with concentrated sulphuric acid (0-5 c.c.), acetic acid (1 c.c.), and water (0-5 c.c.). 
The mixture was diluted with water (5 c.c.) and extracted with ether (5 x 5c.c.). The ether 
solution gave, after evaporation, citraconic acid (50 mg., 18%) which, crystallised from ether-— 
light petroleum (b. p. 60—80°), had m. p. 88—90°. 

Citraconylsemicarbazide (N-Ureidocitraconimide).'4—Citraconic anhydride (50 g.), semi- 
carbazide hydrochloride (35 g.), and sodium acetate (40 g.) in a little water, were refluxed in 
glacial acetic acid (100 c.c.) for 30 min. Citraconylsemicarbazide (48 g., 65%) separated and, 
crystallised from acetic acid, had m. p. 225—230° (decomp.) (Found: C, 42-7; H, 4-2; N, 25-2. 
Calc. for C,H,0,N,: C, 42-6; H, 4-2; N, 248%). 

Citraconimide.—(i) 14 Citraconylsemicarbazide (12 g.) was dissolved in glacial acetic acid, 
and sodium nitrite (12 g.) in water was added to the cooled solution. The solution was kept at 
0—5° for 15 min., heated to 30°, and stirred at this temperature until evolution of gas ceased. 
The solution was extracted overnight with benzene, the solution was dried (K,CO,), and the 
benzene was allowed to evaporate at room temperature. Citraconimide (1-0 g., 15%), m. p. 
109°, was obtained by sublimation of the residue at 20 mm. (Found: C, 54-6; H, 4:8; N, 12-5. 
Calc. for C;H,O,N : C, 54-1; H, 4:5; N, 126%). 

(ii) Citraconamide (1-0 g.) was heated with an excess of phosphoric oxide at 180—190°/1 mm. 
Citraconimide (0-12 g., 15%), m. p. 109°, was collected on a cold finger. 

Magnesium Tetramethyltetrazaporphin Monomethanolate—Magnesium (1-5 g.) was dissolved 
in boiling propanol (60 c.c.): the reaction was initiated by addition of iodine. Citracono- 
nitrile (3-0 g.) in propanol (20 c.c.) was added during 12—15 min. and refluxing was continued 
for a further 50 min. Ammonia was evolved at this stage. The propanol was removed under 
reduced pressure and the solid was then powdered and mixed with an equal volume of kieselguhr 
to facilitate extraction. The mixture was extracted (Soxhlet) with benzene—methanol (1: 1), 
and the extract was filtered twice through alumina (Spence, type H; 15 x 4 cm.) to remove a 
dark green impurity. Concentration and cooling of the filtrate gave nearly pure pigment 
(485 mg., 14%) which was crystallised extractively from benzene—methanol (1: 1) and dried at 
room temperature/15 mm., to give magnesium tetramethyltetrazaporphin monomethanolate 
(Found : C, 59-1; H, 5-3; N, 26-7; Mg, 5-9. C,,H,,ON,Mg requires C, 59-4; H, 4:8; N, 26-4; 
Mg, 5-7%). 

Metal-free Tetramethyltetrazaporphin.—(i) Citracononitrile (1-0 g.) reacted with magnesium 
propoxide as above. The propanol was removed under reduced pressure and the dried solid 
was added in portions to cooled glacial acetic acid (20c.c.). After 2—3 hr. at room temperature 
the mixture was diluted with water (20 c.c.), and the solid was filtered off, washed with ethanol, 
and crystallised extractively several times from benzene, giving purple rods (116 mg., 12%) of 
tetramethyltetrazaporphin (Found : C, 65-1; H, 5-2. C.9H,,N, requires C, 64-85; H, 4:9%). 

(ii) Magnesium tetramethyltetrazaporphin monomethanolate (5-7 mg.) was treated with 
glacial acetic acid (15 c.c.) at room temperature for 2hr. The mixture was diluted with water, 
and the solid was filtered off, washed with ethanol, and crystallised extractively from benzene, 
to give tetramethyltetrazaporphin (35 mg., 70%). 

Other Metal Derivatives.—-The metal-free pigment (90 mg.) was refluxed in o-dichlorobenzene 
(10 c.c.) with copper bronze (1 g.) for 2hr. The solvent was removed under reduced pressure 
and the solid was extracted ‘continuously with boiling benzene. The pigment which separated 


14 Cf. Protopopescu and Stancovici, Chem. Zentr., 1943, I, 268. 
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from the extract was crystallised several times from benzene, to give purple prisms (48 mg., 
46%) of copper tetramethyltetrazaporphin (Found: C, 55-4; H, 40; N, 25-7; Cu, 14-5. 
Cy9H,,N,Cu requires C, 55-6; H, 3-7; N, 25-9; Cu, 147%). 

Tetramethyltetrazaporphin (52 mg.) was extracted into o-dichlorobenzene containing 
anhydrous nickel chloride (1 g.). The solvent was removed under reduced pressure and the 
solid was washed several times with hot water. The remaining pigment was crystallised 
extractively several times from benzene, to give nickel tetramethyltetrazaporphin (48 mg., 86%) 
(Found: C, 57-0; H, 4-3; N, 26-8; Ni, 13-0. C,,H,,N,Ni requires C, 56-3; H, 3-8; N, 26-2; 
Ni, 13-7%). 

Oxidation of Tetramethyltetrazaporphin.—The pigment (101-8 mg.) was added in portions to 
concentrated sulphuric acid at 0°. Chromium trioxide (80 mg.) in the minimum of water was 
added and the mixture was kept at room temperature for 5 min. Ths solution was diluted with 
water and continuously extracted with ether. The ether extract was filtered to give unchanged 
pigment (42 mg.). The ether was evaporated and the residue sublimed to give citraconimide 
(43-9 mg., 61%), m. p. and mixed m. p. 104—105°. 

Methylsuccinimide—Ammonium methylsuccinate was dry distilled to give methyl- 
succinimide, b. p. 280°, m. p. after recrystallisation from water, 62°.15 

Methylsuccinamide.—Methylsuccinimide (1-0 g.) was dissolved in aqueous ammonia (d 0-880), 
and the solution was kept at 0° for 24 hr. Methylsuccinamide (0-88 g., 76%), m. p. 222°, was 
filtered off (Weidel and Roithner 1° give m. p. 225°). 

Methylsuccinonitrile.—Methylsuccinamide (37 g.) was suspended in dry pyridine (250 c.c.) 
and dry carbonyl chloride was passed in. The temperature was maintained at 75—80° for 1 hr. 
and the mixture was then allowed to cool. The mixture was then worked up as described for 
citracononitrile, to yield methylsuccinonitrile (20-5 g., 76%), b: p. 135—136°/23 mm. (Euler ?” 
gives b. p. 130—140°/20 mm.). 

Methylsuccinimidine.—Methylsuccinonitrile (2-0 g.) was heated at 143—148° with liquid 
ammonia (8 c.c.) in methanol (12 c.c.) for 12 hr. The methanol and ammonia were removed at 
room temperature under reduced pressure. Trituration of the red viscous oil with dry ethyl 
acetate gave crude methylsuccinimidine (2: 5-di-imino-3-methylpyrrolidine) (1:73 g., 73%), 
m. p. 143° (decomp.), contaminated with polymeric material. In absolute ethanol the imidine 
gave a picrate, m. p. 202° (decomp.) (Found: C, 38-8; H, 3-8; N, 24-0. C,H,N;,C,H,;0,N, 
requires C, 38-8; H, 3-6; N, 24-7%). 

Hydrolysis. (i) Methylsuccinimidine (200 mg.) was refluxed with water (2 c.c.) for 1 hr. 
The solution was evaporated to dryness and the residue was sublimed under reduced pressure, 
to give methylsuccinimide (104 mg., 51%), m. p. and mixed m. p. 62°. 

(ii) A solution of methylsuccinimidine (3-0 g.) in cold water was kept at room temperature 
overnight. The solution was evaporated to dryness and the brown residue was crystallised 
from ethanol several times, to yield 2(5 ?)-imino-3-methyl-5(2?)-oxopyrrolidine (IX; R = H) 
(377 mg., 12%), m. p. 196° (decomp.) (Found: C, 53-6; H, 7-2; N, 25-1. C;H,ON, requires 
C, 53-6; H, 7-2; N, 25-0%), Amax. in EtOH 228 my (e 19,900). This formed a picrate, m. p. 
193—194°, from ethanol (Found: C, 38-1; H, 3-5. C,,H,,0,N; requires C, 37-8; H, 3-4%). 

2(5 ?)-Hydroxyimino-3-methyl-5(2 ?)-oxopyrrolidine (IX; R = OH).—The imino-imide (IX; 
R = H) (200 mg.) was refluxed for 24 hr. in absolute ethanol (10 c.c.) with hydroxylamine 
hydrochloride (160 mg.) and anhydrous sodium carbonate (176 mg.). The ethanol was removed 
under reduced pressure and the solid was extracted with dry ethyl acetate. The solid which 
separated (205 mg., 89%), m. p. 162°, was recrystallised several times from ethyl acetate, to give 
2(5 ?)-hydroxyimino-3-methyl-5(2 ?)-oxopyrrolidine, m. p. 172° (Found: C, 47-0; H, 6-4; N, 
21-3. C;H,O,N, requires C, 46-9; H, 6-3; N, 21-9%), Amax, in EtOH 223 my (ce 9600). 

Metal-free Tetramethyitetrazaporphin.—Methylsuccinimidine (202 mg.) was refluxed in nitro- 
benzene (5 c.c.) and butanol (5c.c.) for6-5 hr. The solid (153 mg.) was filtered off and extracted 
with benzene. The extract was chromatographed on powdered tartaric acid, and the eluate 
was evaporated to dryness. The residue was crystallised several times from benzene, to give 
metal-free tetramethyltetrazaporphin (Found : C, 64:3; H, 5-7; N, 29-6. Calc. for C.95H,,N,: 
C, 64-85; H, 4-9; N, 30-3%). 

Spectra.—Measurements of intensities were made with the Unicam Spectrophotometers 


15 Arppe, Annalen, 1853, 87, 230. 
16 Weidel and Roithner, Monatsh., 1896, 17, 184. 
17 Euler, Ber., 1895, 28, 2953. 
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S.P. 500 and S.P. 600 for the ultraviolet and the visible region respectively. Solutions were 
prepared by boiling the pigment (ca. 0-7 mg.) with the solvent, cooling, and diluting to 100 c.c. 
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564. Cyclic Amidines. Part V.* 5: 11-endo-Substituted 
5:6: 11: 12-Tetrahydro-2 : 8-dimethylphenhomazines. 
By F. C. Cooper and M. W. PARTRIDGE. 


The replacement of the 5 : 11-endomethylene bridge in Tréger’s base has 
been examined. 5: 1l-endo-Substituted analogues are readily formed by 
condensation of carbonyl compounds and 5:6: 11: 12-tetrahydro-2: 8- 
dimethylphenhomazine. The only other type of bridge introduced. was 
5 : 11-endoethoxymethylene. 


HITHERTO 5:6: 11: 12-tetrahydro-2 : 8-dimethylphenhomazine (I; R= R’ =H) has 
been obtainable only in small yield from methyl 5-methylanthranilate.1 Although 
Spielman? found that the endomethylene group in Tréger’s base underwent replace- 
ment on acylation or nitrosation, he was unable to convert the resulting compounds 
(I; R=R’ = Ac, Bz, or NO) into the disecondary base (I; R= R’ =H). The di- 
nitroso-derivative (I; R = R’ = NO) in acetic acid has now been converted into the 
required base (I; R = R’ = H) in high yield by treatment with cuprous chloride in 
hydrochloric acid.* 5: 6:11: 12-Tetrahydro-2 : 8-dimethylphenhomazine thus becomes 
available in good overall yield from #-toluidine via Tréger’s base.* 

Methylation of Tréger’s base with methyl sulphate and alkali resulted in the fission 
of the endomethylene bridge and furnished the methyl derivative (I; R = Me, R’ = H), 
which was further methylated to the dimethyl derivative (I; R = R’ = Me) and benzoyl- 
ated to the amine-amide (I; R = Me, R’ = Bz). A mixture of the mono- and di- 


N:NR 
1 12 | 10 N N 
Me " 3 Me £, Me 
RCR 
3 i Me / Me ™ Me 
N 
4 7 II) ' 
(1) R ( N:NR (IIT) 


methyl derivatives was obtained from 5:6: 11: 12-tetrahydro-2 : 8-dimethylphen- 
homazine. The bathochromic shift and intensification of ultraviolet light absorption at 
longer wavelengths resulting from N-methylation of the base (I; R = R’ =H) are 
similar to the effects reported for the N-methylation of aniline.® Fission of the endo- 
methylene bridge in the base (II; R= R’ =H) with toluene-f-sulphonyl chloride 
furnished a ditoluene--sulphonyl derivative (I; R = R’ = SO,°C,H,Me-) identical 
with that obtained directly from the disecondary base (I; R = R’ = H). 

The formation of the 5: 1l-endomethylene bridge by treatment of the base (I; 


* Part IV, J., 1955, 991. 


1 Cooper and Partridge, J., 1955, 991. 

* Spielman, J. Amer. Chem. Soc., 1935, 57, 583. 
% Cf. Jones and Kenner, J., 1932, 711. 

* Goecke, Z. Elektrochem., 1903, 9, 470. 

° Ley and Specker, Ber., 1939, 72, 192. 
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R = R’ =H) with formaldehyde has been described previously. The analogous 
5 : 11-endobenzylidene derivative (II; R = H, R’ = Ph) was obtained in a similar manner 
with benzaldehyde, but the condensation was more efficient when water was removed 
azeotropically; its structure was confirmed by conversion into 5:6: 11 : 12-tetrahydro- 
2 : 8-dimethyl-5 : 11-dinitrosophenhomazine (1; R = R’ = NO) and benzaldehyde on 
treatment with nitrous acid and by the similarity of its ultraviolet light absorption to 
that of Tréger’s base.1 The extension of this condensation to other aldehydes and to 
ketones is described in the Experimental section. Terephthalaldehyde afforded a bis- 
phenhomazine, and cyclohexanone a spiro-compound (II; RR’ =-{CH,];~). Benzo- 
phenone did not undergo the condensation and no identifiable product was obtained from 
glucose or acetophenone. Troger’s base did not react with benzaldehyde under these 
conditions. 

Attempts to introduce other types of 5: 11l-endo-bridge were less successful. A 
5: 1l-endoethoxymethylene derivative (II; R=H, R’ = OEt), which was rapidly 
converted into the dihydrochloride of the disecondary base (I; R = R’ = H) on treat- 
ment with hydrochloric acid, was formed from ethyl orthoformate. Although Tréger’s 
base resulted from the dialkylation of the disecondary base (I; R = R’ =H) with 
methylene dibromide, reaction with tetramethylene or ethylene dibromide gave no 
recognisable product. Derivatives of carbonic acid did not lead to the 5: 11-endo-carbonyl- 
bridged compound (II; RR’ =O). Diethyl carbonate could not be induced to react 
with the base (I; R = R’ = H) but diphenyl carbonate yielded the 5-phenoxycarbonyl- 
phenhomazine (I; R=CO,Ph; R’ =H). In the presence of triethylamine, carbonyl 
chloride furnished the 5: 11-di(chlorocarbonyl) derivative (I; R = R’ = COC), which 
with ethanolic potassium hydroxide gave the ester (I; R = R’ = CO,Et). This ester 
was also obtained together with the ester (I; R = CO,Et, R’ = H) by interaction of the 
disecondary base (I; R = R’ = H) and ethyl chloroformate. With potassium cyanate 
in acetic acid or with molten urea the base (I; R = R’ = H) afforded the diurea (I; 
R = R’ = CO’NH,), which gave the dinitroso-compound (I; R=R’=NO) with 
nitrous acid. The corresponding substituted ureas (I; R = R’ = CO-NHPh, CS-NH,, 
and CS:‘NHPh) were produced when phenyl tsocyanate, potassium thiocyanate, and 
phenyl tsothiocyanate respectively were brought into reaction with the disecondary base 
(I; R=R’=H). Trdger’s base did not react with potassium cyanate or with carbonyl 
chloride. 

Ethyl oxalate failed to give any recognisable product but ethyl malonate gave the 
diacylated base (I; R = R’ = CO-CH,°CO,Et). 

The interaction of 5 : 6 : 11 : 12-tetrahydro-2 : 8-dimethylphenhomazine with diazonium 
salts was also examined. In weakly acid solution, the colourless, bisdiazoamino-com- 
pounds (III; R = Ph, C,H,Me-f or C,H,Cl-f) were obtained. In agreement with this 
structure the phenylazo- and £-chlorophenylazo-derivatives (III; R = Ph or C,H,Cl-p) 
furnished the diacetylphenhomazine (I; R=R’= Ac) on acetylation. Colourless 
diazoamino-compounds have previously been described by, inter al., Henry and Dehn ® 
and Wallach.’ 

Certain compounds described in this communication, particularly Troger’s base and 
its 5: 11-endovanillylidene and #-hydroxybenzylidene analogues, showed slight anti- 
bacterial and antifungal activity. None showed antiprotozoal or antiviral activity. 


EXPERIMENTAL 


5:6: 11: 12-Tetvahydro-2 : 8-dimethylphenhomazine (1; R = R’ = H).—(a) A mixture of 
40% formaldehyde solution (350 ml.) and concentrated hydrochloric acid (300 ml.) was slowly 
added to a cooled solution of p-toluidine (100 g.) in ethanol (11.). After 2 days, the solution 


* Henry and Dehn, J. Amer. Chem. Soc., 1943, 65, 479. 
* Wallach, Annailen, 1886, 235, 233. 
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was concentrated to ca. 600 ml., basified with 339% aqueous ammonia (250 ml.), and distilled 
in steam to remove volatile bases. Sodium nitrite (85 g.) in water (3 1.) was added during 45 
min. to a cooled solution of the residual base (104 g.) in a mixture of ethanol (400 ml.) and 
concentrated hydrochloric acid (200 ml.) and stirring was continued for 3 hr. The crude 
precipitated dinitroso-compound [60 g.; m. p. 230—232° (decomp.)], suspended in hot glacial 
acetic acid (500 ml.), was treated during 20 min. with a solution of cuprous chloride (45 g.) in 
concentrated hydrochloric acid (120 ml.) and expulsion of nitric oxide was completed by 
refluxing for 5 min. After removal of the solvent in vacuo, the residue was thoroughly triturated 
with 10% aqueous ammonia (1 1.), and the crude base (48 g.; m. p. 171—174°) was crystallised 
from benzene (charcoal) (yield 35-1 g., 32% overall; m. p. and mixed m. p. 204—205°1). Its 
dihydrochloride crystallised from 2N-hydrochloric acid as prisms, m. p. 289—-290° (decomp.) 
when heated slowly from 200° (Found: C, 62-1; H, 6-4. C,H, )N,Cl, requires C, 61-7; H, 
6-5%). The 5: 11-diformyl derivative, obtained in 91% yield by 30 minutes’ refluxing with 
excess of formic acid, crystallised from xylene as rods, m. p. 292—293° (Found: C, 73-4; 
H, 5-9. C,gH,,0,N, requires C, 73-45; H, 6-15%). 

(6) From the pure dinitroso-compound the yield was 83%; denitrosation in concentrated 
hydrochloric acid * gave only 10% of the desired product. 

5:6: 11: 12-Tetrahydro-2 : 5: 8-trimethylphenhomazine (I; R = Me; R’ = H).—Troger’s 
base (10 g.) and methyl sulphate (17 ml.) were shaken together in 2N-sodium hydroxide (200 
ml.) for 1 hr. The insoluble material furnished the pure trimethylphenhomazine (7-9 g., 78%) 
as prisms, m. p. 147—148°, on crystallisation from light petroleum (b. p. 100—120°) (Found : 
C,80-6; H, 8-4; N, 11-0. C,,H, 9N, requires C, 80-9; H, 8-0; N, 11-1%). Light absorption 
in EtOH: Amax. 208, 251, 301 my (ec 45,100, 18,100, 4000). Its monopicrate, prepared from 
the base and sodium picrate in aqueous lactic acid, crystallised from ethanol as prisms, m. p. 
168—169° (Found: C, 57-5; H, 4:7; N, 14-5. C,,;H,,0;N,; requires C, 57-35; H, 4-8; N, 
14-55%). On benzoylation it yielded its 11l-benzoyl derivative which crystallised from light 
petroleum (b. p. 100—120°) as prisms, m. p. 131—132° (Found: C, 80-5; H, 7-0; N, 7-6. 
C,,H,,ON, requires C, 80-9; H, 6-8; N, 7-85%). 

5:6: 11: 12-Tetrahydro-2 : 5: 8: 11-tetramethylphenhomazine (I; R = R’ = Me).—(a) The 
product obtained by shaking the foregoing trimethyl derivative (1 g.) with methyl sulphate 
(1-5 ml.) in 2nN-sodium hydroxide (25 ml.), when fractionally crystallised from light petroleum 
(b. p. 100—120°), furnished unchanged starting material (0-7 g.), m. p. and mixed m. p. 147— 
148°, and the tetramethylphenhomazine (0-05 g.), m. p. 149—150°, depressed to 125—131° by 
starting material (Found: C, 81-0; H, 8-1; N, 10-4. C,,H,.N, requires C, 81-15; H, 8-35; 
N, 10-5%). Light absorption in EtOH: Amax. 209, 261, 307 my (ce 41,500, 24,400, 4900). 
Attempted benzoylation of this compound afforded only unchanged starting material. 

(b) 5:6: 11: 12-Tetrahydro-2: 8-dimethylphenhomazine (3 g.) was methylated in a 
similar manner. Acid-soluble material (1-65 g.) was separated from the unchanged compound 
(1-15 g.) and was fractionally crystallised from light petroleum (b. p. 100—120°), furnishing the 
trimethylphenhomazine (0-3 g.) and the tetramethylphenhomazine (0-15 g.). 

5:6: 11: 12-Tetrahydro-2 : 8-dimethyl-5 : 11-ditoluene-p-sulphonylphenhomazine (I; R= 
R’ = SO,°C,H,Me-p) was obtained in 7% yield from Troéger’s base and toluene-p-sulphonyl 
chloride under Schotten—Baumann conditions and crystallised from xylene as prisms, m. p. 
270—271° (Found: C, 65-9; H, 5-6. C3 9H3;,0,N,S, requires C, 65-9; H, 5-55%). 

5:6: 11: 12-Tetrahydro-2 : 8-dimethylphenhomazine acylated in pyridine gave the same 
compound, m. p. and mixed m. p. 270—271°, in 57% yield. 

Interaction of 5:6:11: 12-Tetrahydro-2 : 8-dimethylphenhomazine with Aldehydes and 
Ketones.—A solution of the base (I; R = R’ = H) (2 g.) and the aldehyde or ketone (1—1-1 
mols.) in benzene or xylene (80 ml.) was slowly distilled at atmospheric pressure and volatile 
material was finally removed at 100°/15 mm.; the residue was crystallised from a suitable 
solvent. Compounds so prepared are listed in the Table. 

No. 1. With paraformaldehyde (4 mols., calc. as CH,O) the solution was refluxed for 9 hr. 
before evaporation; m. p. and mixed m. p. with Tréger’s base, 136—137°. The disecondary 
base (1 g.) and methylene bromide (6 ml.) when boiled together for 4 hr. gave Tréger’s base in 
33% yield but no identifiable product was isolated when the reagents were boiled in acetone 
in the presence of potassium carbonate. 

No. 2. Excess of propionaldehyde was used as solvent. 

No. 4. A solution of the base (1 g.) in benzaldehyde (4 ml.), concentrated hydrochloric 
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acid (5 ml.), and ethanol (20 ml.) was kept for 4 days and most of the solvent was removed. 
The insoluble material, after basification and recovery in ether, furnished the 5: 11-endo- 
benzylidene derivative, m. p. and mixed m. p. 182—182°, in 33% yield [Found: M (Rast), 
316. C,,H,.N, requires M, 326]. Light absorption in EtOH: Amax. 207, 237, 287 mu (e 40,300, 
9300, 2300). This compound was soluble in dilute hydrochloric acid but not in dilute lactic 
acid. Its monopicrate crystallised from ethanol as small prisms, m. p. 205—206° (decomp. 
(Found: C, 62-9; H, 4:9. C,,H,,O,N, requires C, 62-7; H, 4-55%). 

No. 6. The monopicrate, prisms from ethanol, had m. p. 195—196° (decomp.) (Found : 
C, 61-7; H, 4-95. C,,H,,O,N, requires C, 61-55; H, 4-65%). 

No. 8. This compound was soluble in aqueous sodium hydroxide but gave no ferric reaction. 

No. 9. This compound was insoluble in aqueous sodium hydroxide and gave no ferric 
reaction. 

No. 10. No reaction occurred in refluxing benzene. 

No. 12. The product was purified by chromatography on alumina and occurred as a glass. 

No. 14. The reagents were heated together at 183°; no reaction occurred in refluxing 
benzene. The dipicrate formed solvated prisms, m. p. 95—97° (effervescence), from benzene 


TABLE 1. 5: 1l-endo-Substituted-5 : 6 : 11 : 12-tetrahydro-2 : 8-dimethylphenhomazines. 





Reaction Solvent 
No. 5: 1l-endo-Substituent solvent * for crystn.f Form 
1 Methylene B Petrol Needles 
2 Propylidene : — Petrol Prisms 
3 But-2-enylidene B EtOH Prisms 
4 Benzylidene B EtOH Needles 
5 Cinnamylidene B Petrol Prisms 
6 Anisylidene B Petrol Prisms 
7 o-Methoxybenzylidene x Petrol Prisms 
8 p-Hydroxybenzylidene B Petrol Needles 
9 Salicylylidene x Petrol Prisms 
10 Piperonylidene x Petrol Prisms 
ll Vanillylidene xX MeOH Needles 
12 p-n-Pentyloxybenzylidene B --- —- 
13 p-Nitrobenzylidene B EtOH Prisms 
14 p-Dimethylaminobenzylidene —_— EtOH Prisms 
15 Furfurylidene B Petrol Prisms 
16 tsoPropylidene — Petrol Prisms 
17 cycloHexylidene _— Petrol Prisms 
e Found (% Required (%) 
Yield —_—_—_— SJ —— 
No. M. p. (%) Formula C H N Cc H N 
1 136—137° 95 — — _ _ —_ — _— 
2 80—81 52 C,,H,,N; 81-7 785 10:2 81:95 7:95 10-05 
3 121—122 84 CooH22N; 82-7 7-55 9-65 82-7 7-65 9-65 
+ 182—183 95 C.3He2Ne 84-6 6-7 8-75 84-6 6-8 8-6 
5 142—143 97 C,;H,N, 85-2 7-15 8-05 85-2 6-85 7-95 
6 155—156 95 C.4H,,ON, 80-8 6-95 8-1 80-9 6-8 7-85 
7 187—189 81 C,,4H,,ON, 80-9 6-65 765 80-9 6-8 7°85 
8 220—221 97 C,;H,,ON, 80-7 6-3 8-3 80-7 6-5 8-2 
9 182-5—183-5 94 C,;H,,0ON, 81:0 62 7:95 80-7 6-5 8-2 
10 160—161 87 C.4H,,0,.N, 78-1 6-05 7:55 77-8 6-0 7-55 
11 147—148 54 C.4H,,0,N, 773 6-45 7-75 77-4 6-5 75 
12 a 61 C,3H;,0ON, 81-1 7-95 — 81-5 7-8 — 
13 160-5—161 88 C,;H,,0,N; 73-9 6-0 11-1 74:35 5:7 11-3 
14 178—179 91 C,;H,;N; 81:0 695 11:3 81:25 7:35 11-35 
15 135—135-5 92 C,,H,,ON, 79-9 6-25 8-95 79-7 6-35 8-85 
16 118—119 74 C,,H..N; 81-6 8-0 10-2 81:95 7:95 10-05 
17 195—196 60 CypHagNe 82-9 81 8-7 82:95 8-25 8-8 
* B = benzene; X = xylene. + Petrol = light petroleum (b. p. 100—120°). 


(Found: C, 60-2; H, 4-65; N, 12-4. C3,H;,0,,N,,2C,H, requires C, 59-8; H, 4-6; N, 12-8%). 
No. 16. The reaction was carried out in excess of acetone and refluxing was for 6 hr. before 
evaporation. 
No. 17. The reaction was carried out in excess of cyclohexanone. 
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5: 1l-endoTerephthalylidenebis-(5 : 6 : 11 : 12-tetrahydro-2 : 8-dimethylphenhomazine), pre- 
pared in 79% yield by interaction of the tetrahydrophenhomazine and terephthalaldehyde in 
xylene, crystallised from xylene as prisms, m. p. 344—346° (decomp.) (Found : C, 83-7; H, 6-6; 
N, 9-7. CygoH;,N, requires C, 83-6; H, 6-65; N, 9-75%). 

5 : 1l-endoEthoxymethylene-5 : 6: 11 : 12-tetrahydro-2 : 8-dimethylphenhomazine (II; R = H; 
R’ = OEt) was produced (1-5 g., 61%) when the tetrahydrophenhomazine (2 g.) and ethyl 
orthoformate (10 ml.) were boiled together for 2 hr. and volatile material was removed at 
100°/15 mm. After crystallisation of the residual glass first from light petroleum (b. p. 100— 
120°) and then from ethanol it formed colourless prisms, m. p. 114—116° (Found: C, 77-8; 
H, 7-55; N, 9-55. C,.H,,ON, requires C, 77-5; H, 7-55; N, 9-5%). Light absorption in 
EtOH: Amax. 209, 238, 284 my (ce 22,900, 8400, 2100). This compound slowly dissolved in 
4n-hydrochloric acid, and the solution deposited 5:6: 11: 12-tetrahydro-2: 8-dimethyl- 
phenhomazine dihydrochloride, identified by m. p. and mixed m. p. both of itself and of the base. 

5:6: 11: 12-Tetrahydro-2 : 8-dimethylphenhomazine and Carbonic Acid Derivatives.—(a) 
An ether solution of the clear melt which was obtained when the phenhomazine (2 g.) and 
phenyl carbonate (2 g.) were heated together at 182° for 3} hr. was shaken with alkali and then 
with acid. The precipitate when crystallised from ethanol and then from light petroleum 
(b. p. 100—120°) gave the 5-phenoxycarbonyl derivative (I; R = CO,Ph, R’ = H) (0-1 g.) as 
needles, m. p. 153—154° (Found: C, 77-3; H, 6-0; N, 8-0. C,,;H.,,O,N, requires C, 77-05; 
H, 6-2: N, 7-8%). 

(6) Carbonyl chloride in toluene (12-59%; 35 ml.) and dry, freshly distilled triethylamine 
(10 ml.) were added to the phenhomazine (4 g.) in toluene (100 ml.). After 2 hr., the suspension 
was basified with dilute aqueous ammonia, and the insoluble solid yielded the 5 : 11-di-(chloro- 
carbonyl) derivative (I; R = R’ = COCI) (4:15 g., 68%), m. p. 252-5—253°, as prisms on 
crystallisation from benzene (Found: C, 59-4; H, 4:5; N, 7-75. C,,H,,0,N,Cl, requires 
C, 59-55; H, 4-45; N,7-7%). Inthe absence of triethylamine or when an old sample was used, 
the yield was greatly reduced. 

(c) A mixture of the phenhomazine (1-5 g.), triethylamine (2-2 ml.), ethyl chloroformate 
(1-5 ml.), and benzene (20 ml.) was boiled for 30 min. and evaporated to dryness. The residue, 
after being washed with water, afforded, on fractional crystallisation from light petroleum (b. p. 
100—120°), unchanged starting material (0-2 g.), the 5-ethoxycarbonyl compound (I; R = CO,Et, 
R’ = H) (0-15 g.) as prisms, m. p. 117—118° (Found: C, 73-6; H, 7-15; N, 9-2. C,,H,.O,N, 
requires C, 73-5; H, 7-15; N, 9-0%), and the 5: 11-di(ethoxycarbonyl) derivative (I; R = R’ = 
CO,Et) (0-45 g.) as prisms, m. p. 198—199° (Found: C, 69-4; H, 6-75; N, 7-3. C,.H,,O,N, 
requires C, 69-1; H, 6-85; N, 7-35%). The last compound was also produced (54%) when 
the foregoing 5 : 11-di(chlorocarbonyl) derivative was boiled with aqueous-ethanolic potassium 
hydroxide for 1 hr. 

5: 11-Dicarbamoyl-5:6:11:12-tetrahydro-2:8-dimethylphenhomazine (I; R=R’= 
CO-NH,) crystallised (1-7 g., 63%) when the tetrahydrophenhomazine (2 g.) and potassium 
cyanate (1-5 g.) were boiled together in glacial acetic acid (15 ml.) for 10 min.; it formed 
needles, m. p. 293—293-5°, after drying at 100° (Found: Loss at 150°/vac., 27-0. Found, on 
dried material: C, 66-6; H, 6-2; N, 17-0. C,gH,.0O,N,,2CH,°CO,H requires CH,°CO,H, 
27-0. C,,H,9O,N, requires C, 66-65; H, 6-2; N, 17-25%). The foregoing compound (0-6 g.), 
when treated overnight with sodium nitrite (1-2 g.) in aqueous acetic acid, furnished the corre- 
sponding 5 : 11-dinitroso-derivative (0-1 g.), m. p. and mixed m. p. 246—247°, together with 
unchanged starting material. 

Although the mixture never became homogeneous when the tetrahydrophenhomazine (2 g.) 
and urea (10 g.) were heated together for 3 hr. at 155°, the water-insoluble fraction of the melt 
gave the 5: 11-dicarbamoy]l derivative (2-2 g., 81%), m. p. and mixed m. p. 292—293°. 

5:6: 11: 12-Tetrahydro-2 : 8-dimethyl-5 : 11-di(thiocarbamoyl)phenhomazine, prepared in 
a similar manner from potassium thiocyanate, crystallised from butan-l-ol as yellow prisms, 
m. p. 245—250° (decomp.) (Found: C, 61-0: H, 5-85; N, 15-4. C,,H..N,S, requires C, 60-65; 
H, 5-65; N, 157%). 

5:6: 11: 12-Tetrahydro-2: 8-dimethyl-5 : 11-di(phenylcarbamoyl)phenhomazine (I; R = 
R’ = CO-NHPh), obtained (1-9 g., 95%) by interaction of phenyl isocyanate (1-3 g.) and 
the phenhomazine (1 g.) in benzene (40 ml.), crystallised from xylene as prisms, m. p. 254—255° 
[Found : C, 76-0; H, 5-85; N, 11-8%; M (Rast), 462. C,,H,,O,N, requires C, 75-6; H, 5-9; 
N, 11-75%; M, 477}. 
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The corresponding 5 : 11-di(phenylthiocarbamoyl) derivative, prepared in an analogous manner, 
crystallised from benzene as prisms, m. p. 217—218° (Found : Loss at 140°/vac., 23-9. Found, 
on dried material: C, 70-8; H, 5-4; N, 11-0. C39H.,N,S,,2C,H, requires C,H,,23-5. 
CyoH.sN,S,. requires C, 70-85; H, 5-55; N, 11-0%). 

5 : 11-Di(ethoxycarbonylacetyl)-5 : 6: 11: 12-tetrahydro-2 : 8-dimethylphenhomazine (I; R = 
R’ = CO’CH,°CO,Et) was formed in 39% yield by boiling the phenhomazine (2 g.) with 
ethyl malonate (10 ml.) for 90 min., removing the volatile material at 160°/15 mm., and crystal- 
lising the residue from ethanol; it formed prisms, m. p. 149—149-5° (Found : C, 66-8; H, 6-55; 
N, 6-05. C.gH;,90,N, requires C, 66-95; H, 6-5; N, 60%). No reaction occurred in refluxing 
benzene. 

Interaction of 5: 6:11: 12-Tetrahydro-2 : 8-dimethylphenhomazine and Diazonium Salts.— 
(a) There was an immediate precipitate when aniline (1-2 g.), diazotised in hydrochloric acid, 
was added to a solution of the phenhomazine (1-5 g.) in dilute hydrochloric acid followed by 
sodium acetate (16-5 g.) and water. On crystallisation from benzene, the precipitate gave the 
5 : 11-di(phenylazo)-derivative (1-7 g., 60%) as needles, m. p. 219—220° (decomp.). (Found : 
C, 75-6; H, 5-85; N, 18-7. C,gH.gN, requires C, 75-3; H, 5-85; N,18-8%). Light absorption 
in hexane: Amax. 207, 240 my (ce 36,200, 17,200). On being boiled with acetic anhydride in 
glacial acetic acid, this compound gave the corresponding 5 : 11-diacetyl derivative (97%), m. p. 
and mixed m. p. 289—201° (Found: N, 8-4. Calc. for C,,H,,O,N,: N, 8-7%). 

(b) 5: 11-Di-(p-chlorophenylazo)-5 : 6: 11 : 12-tetrahydro-2 : 8-dimethylphenhomazine crystal- 
lised from benzene as needles, m. p. 234—235° (decomp.) (Found: C, 65-2; H, 4:95; N, 16-0. 
C,,H.,N,Cl, requires C, 65-25; H, 4-7; N, 16-3%), and furnished the same 5: 11-diacetyl 
compound on acetylation. ; 

(c) The 5: 11-di-(p-tolylazo)phenhomazine occurred as colourless rods, m. p. 218—219° 
(decomp.), from benzene-light petroleum (b. p. 80—100°) (Found: C, 75-95; H, 6-7; N, 17-6. 
CyoHgoN, requires C, 75-95; H, 6-35; N, 17-7%). 


We gratefully acknowledge our indebtedness to Dr. G, Woolfe and his colleagues, Messrs. 
Boots Pure Drug Co., Ltd., Nottingham, for the biological tests. 


THE UNIVERSITY, NOTTINGHAM. (Received, February 1st, 1957.] 





565. The Reactions of Phenylboron Dichloride with Ethers. 
By S. H. DANDEGAONKER, W. GERRARD, and M. F. LAPPERT. 


Phenylboron dichloride did not react with ethers at 20°, but at sub- 
stantially higher temperatures C—O fission was effected [except with Ph,O 
and (Cl*CH,°CH,),0] to produce alkyl chloride (exclusively from the more 
electron-releasing of the two groups in a mixed ether) and alkyl (or aryl) 
phenylchloroboronite, Ph-BClOR. m-Butyl isobutyl ether gave a mixture 
of iso- and fert.-butyl chloride, and the 2-chloro-octane obtained from 
(—)-(ethyl 1-methylheptyl ether) was preponderantly inverted, but with 
much loss in activity. The results indicate that fission is preceded by 
carbonium-ion formation. 

A new method for the preparation of phenylboron dichloride and an 
improved method for obtaining ¢ert.-butyl sec.-butyl and ¢ert.-butyl isobutyl 
ethers is reported. 


TuE reactions of boron trichloride with mixed ethers have been studied in detail.1-* 
Diaryl® and di-l-chloroalkyl® ethers did not react; di-2-chloroethyl ether formed a 
complex which dissociated as well as decomposed on being heated;* alkyl aryl ethers 


1 Gerrard and Lappert, J., 1951, 1020. 

* Idem, J., 1952, 1486. 

* Edwards, Gerrard, and Lappert, J., 1957, 377. 

* Gerrard, Lappert, and Silver, J., 1956, 4987; 1957, 1647. 
* Colclough, Gerrard, and Lappert, J., 1955, 907. 

6 Gerrard, Lappert, and Silver, Proc. Chem. Soc., 1956, 19. 
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gave 1:1 complexes which decomposed to give alkyl chlorides and aryloxyboron com- 
pounds; ? mixed dialkyl ®:3 (or alkyl allyl *) ethers gave unstable complexes which afforded 
alkyloxy(or allyloxy)-boron compounds and alkyl (or allyl) chlorides (the chlorides from 
the more electron-releasing of the two groups); alkyl 1-chloroalkyl ethers gave alkyl 
chlorides and bis-l-chloroalkyl ethers ; and allyl phenyl ether underwent an ortho-Claisen 
rearrangement.® The nature of the alkyl chloride has pointed to an Syl mechanism for 
the C-O fission,? and this mechanism has been supported by observations of Meerwein- 
Wagner ? and allylic (Sy1’)* rearrangements and by studies of Walden inversion. 

Of the alkoxy-substituted boron chlorides, the dichloroboronites, RO-BCl, generally 
react similarly to the trichloride, whereas the chloroboronates, (RO),B-Cl, generally do 
not react (for discussion, see ref. 7); the phenylchloroboronites, Ph-BClOR are also 
unreactive. 

The phenylboron dichloride-ether system is now described. Diphenyl and bis-2- 
chloroethyl ethers proved unreactive. Other dialkyl ethers, unlike alkyl aryl ethers, 
reacted exothermally with phenylboron dichloride at 20°, but the reactants could be 
recovered by distillation. When the mixture was heated at about 150° for several hours, 
equimolar interaction took place : 


Ph-BCl, -+- ROR’ —— Ph-BCI-OR + R’Cl 


In the case of »-butyl isobutyl ether, the isobutyl group gave rise to a mixture of iso- and 
tert.-butyl chloride (identified and analysed by gas chromatography) : in no other instance 
was a mixture of chlorides obtained; the direction of fission is shown in the Table. The 
phenylchloroboronites were identified by analysis and by comparison of physical constants 
and infrared spectra with those obtained in previous investigations, and in some cases 
characterised also as 1 : 2 complexes with pyridine.**® With (—)-(ethyl 1-methylheptyl 
ether), the 2-chloro-octane was obtained with preponderant inversion, but much 
racemisation. 


Ether Alkyl chloride Ether Alkyl] chloride Ether Alky 1 chloride 
Et,O EtCl Bu'OBut Bu‘Cl Ph-CH,*OMe PhCH,Cl 
Bu®,O Bu*Cl Bu*OBut ButCl Ph-CH,°OEt PhCH,Cl 
Bu*"OBu! Bu'Cl Bu*OBu! Bu‘Cl Ph-CH,*OBu® PhCH,Cl 

| + Butcl (—)-n- §(+)- and (+)- PhOMe MeCl 
Bu®OBu* Bul C,H,;,°CHMe-OEt ' n-C,H,,;°CHMeCl PhOEt EtCl 
Bu®OBut ButCl o-C,H,Me-OMe MeC! 


o-C,H,Me-OEt  EtCl 


Several methods are available for the synthesis of phenylboron dichloride; 7 the most 
successful involve interaction of boron trichloride with phenylboronic anhydride, 
(PhBO),;,!° or phenylboronic esters, or phosphorus pentachloride with phenylboronic 
esters.11 We have now prepared it from phosphorus pentachloride and phenylboronic 
anhydride : 

(Ph-BO), + 3PCl, —— 3Ph-BCl, + 3POCI, 


Henry ™ prepared a series of ¢ert.-butyl ethers by heating a mixture of ¢ert.-butyl 
bromide, an alcohol (Me, Et, Pr’), and pyridine in a sealed tube. We have used this 
method for preparing the ¢ert.-butyl iso- and sec.-butyl ether and find it superior to that 
of Norris and Rigby : * 


Bu'Br + ROH + C,H,N ——» Bu'OR + C,H,N,HBr 





Lappert, Chem. Rev., 1956, 56, 959. 

Dandegaonker, Gerrard, and Lappert, J., 1957, 2872. 
Brindley, Gerrard, and Lappert, /., 1956, 824, 1540. 

10 Abel, Dandegaonker, Gerrard, and Lappert, J., 1956, 4697. 
1! Mikhailov and Kostroma, Izvest. Akad. Nauk S.S.S.R. Otdel. khim. Nauk, 1956, 376. 
' Henry, Bull. Acad. roy. Belg., 1904, 42. 

'3 Norris and Rigby, J. Amer. Chem. Soc., 1932, 54, 2088. 
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Discussion.—The lower reactivity of phenylboron dichloride than of boron trichloride 
can be attributed to a lowering of Lewis-acid strength by a combination of steric and 
polar factors. 

The lack of reaction with diphenyl and bis-2-chloroethyl ethers is considered to be due 
to their low Lewis-base strength because of the electron-attracting nature of the phenyl 
(—M, when attached to oxygen) and 2-chloroethyl (—J) groups. 

Although no evidence was forthcoming to indicate the formation of a complex between 
the other ethers and the dichloride, the observed heat of mixing (with the dialkyl members) 
can be ascribed at least to association. We suggest that the fission proceeds by the 
following mechanism : 


ROR’ ++ Ph-BCI, —»> Ph-BCI, ——> R’'[Ph:BCI,-OR]~- ——» R’* + CI- + Ph-BCI-OR ——» 
fe) R’Cl + Ph-BCI-OR 
r 


R R’ 


The essential feature is the postulate of pre-ionisation (Sy1), resulting in the formation 
ofacarbonium ion. The evidence rests on: (1) the selection of the more electron-releasing 
group as that found in the alkyl chloride; (2) the observation of the molecular rearrange- 
ment in the isobutyl system; and (3) the optical-activity data. 


EXPERIMENTAL 


General Procedures.—n-Buty] ethers of iso-, sec.- and tert.-butyl alcohol were obtained from 
n-butyl bromide and the appropriate sodium butoxide; isobutyl sec.-butyl ether from isobutyl 
bromide and sodium sec.-butoxide. The preparation of phenylboron dichloride ?° and analytical 
methods ®* 19 have been described previously. Alkyl chlorides were identified also by com- 
parison of infrared spectra with authentic specimens. Alkyl and aryl phenylchloroboronites 
were identified by analysis and comparison of physical constants and infrared spectra with 
those obtained in an earlier investigation.® ® 

Preparation of tert.-Butyl Ethers.—(a) isoButyl tert.-butyl. A mixture of isobutyl alcohol 
(18-5 g., 1 mol.), ¢ert.-butyl bromide (34-25 g., 1 mol.), and pyridine (19-75 g., 1 mol.) was heated 
in a sealed tube at 100° for 15 hr., dissolved in diethyl ether, washed with dilute hydrochloric 
acid, water, and sodium hydrogen carbonate, and dried (Na,SO,). The fraction having b. p. 
108—114° was separated and redistilled from sodium, pure isobutyl fert.-butyl ether (13-76 g., 


» 42%), b. p. 111—112°, n? 1-3930, d?° 0-755, being obtained. 


(b) sec.-Butyl tert.-butyl. By similar procedure, sec.-butyl alcohol (18-5 g.), tert.-butyl 
bromide (34-25 g.), and pyridine (19-75 g.) gave sec.-butyl ¢ert.-butyl ether (3-80 g., 12%), b. p. 
101—102°, n®? 1-3950, d?° 0-774. 

Preparation of Phenylboron Dichloride by Phosphorus Pentachloride——A mixture of phenyl- 
boronic anhydride 11% (3-50 g., 1 mol.) and phosphorus pentachloride (7-00 g., 1 mol.) was 
melted (160°) and heated under reflux at 120—130° for 24 hr. Subsequent distillation afforded 
phosphorus oxychloride (2-04 g., 40%) as a forerun. The main fraction, after redistillation, 
was pure phenylboron dichloride (3-20 g., 60%), m. p. —2° to +2°, b. p. 62—63°/11 mm., n?? 
1-5440 (Found : Cl, 44:1; B, 6-7. Calc. for C,H,Cl,B: Cl, 44-5; B, 6.8%). There was a non- 
volatile residue (3-95 g.), which appeared to contain starting materials. 

In preliminary experiments it was noted that there was no reaction below the m. p. of 
phosphorus pentachloride and that 24 hours’ heating was the optimum. 

Interaction between Phenylboron Dichloride and Ethers.—The ether (1 mol.) was added to the 
dichloride (1 mol.) either at —80° [in experiments (1), and (8)—(16)], or at 20° [experiments 
(2)—-(7)]. The reaction was noted to be exothermal only in experiments (1), (2), and (7)—(13) 
(although in each case the reactants could at this stage be recovered nearly quantitatively from 
the mixture). The mixture was heated for 8—10 hr. at 60° (1), 115—125° (2 and 8—12), 
150—155° (14—16), or 160—170° (3—6, and 13) (the numbers in parentheses refer to the 
following experiments). The products were then separated and characterised as described 
below. 

(1) Diethyl ether (1-466 g.) and dichloride (3-15 g.). Volatile matter was removed (15 mm.) 
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and the residue afforded ethyl phenylchloroboronite (2-970 g., 89%), b. p. 65—68°/10 mm., 
n® 1-5130 (Found: Cl, 21-6; B, 6-3. Calc. for C,H,,OCIB: Cl, 21-1; B, 6-4%). 

(2) Di-n-butyl ether (2-673 g.) and dichloride (3-27 g.). The volatile matter (butyl chloride, 
b. p. 80°) was collected in a trap at — 80° and the residue on distillation afforded n-butyl pheny]- 
chloroboronite (3-53 g., 87%), b. p. 55—56°/0-05 mm., n? 1-5000 (Found: Cl, 18-0; B, 5-6. 
Calc. for C,»>H,,OCIB: Cl, 18-0; B, 5-5%), leaving a brown semisolid residue (0-15 g.). 

(3) Anisole (2-2 g.) and dichloride (3-15 g.). On distillation, a forerun of anisole and pheny]l- 
boron dichloride (1-74 g.), n# 1-5330, b. p. 75—80°/14 mm., and subsequently pheny!l phenyl- 
chloroboronite (1-93 g., 45-0%), b. p. 105—108°/0-05 mm., n? 1-5775 (Found: Cl, 16-2; 
PhO, 43-8. Calc. for C,,H,,»BCIO: Cl, 16-4; PhO, 43-0%), were obtained. The residue 
(Found: B, 4-7%) did not contain chlorine. 

When the experiment was carried out at room temperature phenylboron dichloride and 
anisole were recovered quantitatively. 

(4) Phenetole (2-44 g.) and dichloride (3-24 g.). Fractional distillation afforded a forerun 
of low boiling material, containing phenetole and phenylboron dichloride (0-75 g.), and later 
pure phenyl phenylchloroboronite (2-10 g., 45-7%), b. p. 104—106°/0-05 mm., ?° 1-5780 (Found : 
Cl, 16-7%). A residue (1-00 g.) (Found: B, 5-0%), free from chlorine remained. 

(5) Methyl o-tolyl ether (2-402 g.) and dichloride (3-07 g.). Distillation gave a forerun 
(0-67 g.) of ether and dichloride, and later o-tolyl phenylchloroboronite (2-1 g., 47-2%), b. p. 
110—115°/0-05 mm., n#} 1-5645 (Found : Cl, 15-9; CsH,MeO, 44-1. Calc. for C,;H,,BCI : Cl, 15-4; 
C,H,MeO, 46-4%). The residue (1-24 g.) (Found: B, 4:5; C,H,MeO, 62-1%) did not contain 
chlorine and was semisolid. 

(6) Ethyl o-tolyl ether (2-730 g.) and dichloride (3-17 g.). Ondistillation, there were obtained 
a small forerun of ether and dichloride (1-00 g.) and, as main product, o-tolyl phenylchloro- 
boronite (2-15 g., 48%), b. p. 105—107°/0-05 mm., n® 1-5660 (Found: Cl, 15-6; C,H,MeO, 
39-4%). The semisolid, pentane-soluble residue (1-26 g.) (Found: B, 4:7; C,H,MeO, 65-5%) 
was free from chlorine. 

(7) n-Butyl isobutyl ether (2-82 g.) and dichloride (3-42 g.). Distillation afforded n-butyl 
phenylchloroboronite (3-75 g., 89%), b. p. 64°/0-1 mm., m7 1-4985 (Found : Cl, 18-1; B, 5-5%), 
a residue (0-20 g.), and a condensate (at —80°) comprising a mixture (1-46 g., 73%) of iso- 
(18%) and ¢ert. (82%)-butyl chloride, b. p. 48—68°, n® 1-3900 (Found as #ert.-C,H,Cl: Cl, hydro- 
lysable by cold HNOs,, 32-5; total Cl, 38-5. Calc. for C,H,Cl: Cl, 38-4%). The mixture of 
butyl chlorides was analysed by vapour chromatography. 

(8) ”-Butyl sec.-butyl ether (2-57 g.) and dichloride (3-13 g.). There were obtained: (a) 
n-butyl phenylchloroboronite (3-21 g., 83%), b. p. 59°/0-05 mm., n? 1-4975 (Found: Cl, 18-0; 
B, 5-5%); (b) sec.-butyl chloride (1-35 g., 74%), b. p. 68—70°, n® 1-4005 (Found : Cl, 38-1%); 
and (c) a non-volatile residue (0-24 g.). 

(9) »-Butyl ¢ert.-butyl ether (2-66 g.) and dichloride (3-24 g.). There were obtained n-butyl 
phenylchloroboronite (3-20 g., 80%), b. p. 62—63°/0-02 mm., »% 1-5000 (Found: Cl, 17-9; 
B, 5-5%), tert.-butyl chloride (1-20 g., 64%), b. p. 51—51-5°, n® 1-3915 (Found: Cl, 37-9%), 
and a residue (0-28 g.). 

(10) tsoButyl sec.-butyl ether (2-56 g.) and dichloride (3-11 g.). There were obtained iso- 
butyl phenylchloroboronite (3-37 g., 88%), b. p. 50—51°/0-01 mm., n# 1-4900 (Found : Cl, 17-9; 
B, 5-4%), see.-butyl chloride (1-42 2. "9%), b. p. 68—69°, n¥® 1-3985 (Found: Cl, 37-8%), 
and a residue (0-27 g.). 

(11) tsoButyl tert-butyl ether (2-57 g.) and dichloride (3-10 g.). There were obtained 
isobutyl phenylchloroboronite (3-05 g., 95%), b. p. 50—51°/0-01 mm., m? 1-4905 (Found : 
z= 18-1; B, 5-5%), and #ert.-butyl chloride (1-10 g., 61%), b. p. 51—51-5°, n? 1-3950 (Found : 
Cl, 37-5%). 

(12) sec.-Butyl ¢ert.-butyl ether (1-62 g.) and dichloride (1-95 g.) gave sec.-butyl phenyl- 
chloroboronite (1-89 g., 78%), b. p. 47—48°/0-05 mm., ”? 1-4885 (Found: Cl, 17-9; B, 5-4%), 
tert.-butyl chloride (0-78 g., 67%), b. p. 51—51-5° (Found: Cl, 38-1%), and a residue (0-25 g.). 

(13) (—)-(Ethyl 1-methylheptyl ether) (3-52 g., af? —9-96°) 1526 and dichloride (3-51 g.). 
Distillation gave a single fraction (5-15 g.) boiling over a wide range. A condensate (0-74 g.), 
trapped at —80°, was identified as (+ )-2-chloro-octane, b. p. 51°/8 mm., 7}? 1-4215, «2? +-9-6° 

14 Bean and Johnson, J. Amer. Chem. Soc., 1932, 54, 4415. 


1’ Kenyon, /., 1922, 121, 2540. 
16 Kenyon and McNicol, J., 1923, 123, 14. 
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(Found: Cl, 23-7. Calc. for CsH,,Cl: Cl, 23-9%). The distillate was separated chemically. 
Thus, pyridine (3-59 g.) in #-pentane (15 c.c.) was added to a portion (3-81 g.) of distillate and 
the mixture was set aside for 24 hr., whereafter the crystalline precipitate which had formed 
was filtered off, washed with -pentane and dried. This precipitate (equiv. to 78% yield of 
Ph:BCI-OEt) was identified as the pyridine complex of ethyl phenylchloroboronite, m. p. 
106—110° (Found: Cl, 10-2; B, 3-3; C;H,;N, 48-6. Calc. for C,H,,OCIB,2C,H,;N : Cl, 10-9; 
B, 3-3; C;H,;N, 484%). The n-pentane extracts were combined and on removal of solvent 
gave further (+)-2-chloro-octane (1-65 g., total 76%), b. p. 53—54°/8 mm., nm? 1-4270, a2 
+9-6° (Found: Cl, 23-2%). 

(14) Benzyl methyl ether (2-34 g.) and dichloride (3-04 g.). Fractionation proved difficult 
and the entire mixture was dissolved in diethyl ether, washed with sodium hydroxide and 
water, and dried (Na,SO,). Distillation then afforded benzyl chloride (1-6 g., 65%), b. p. 
67—67-5°/11 mm., n? 1-5400 (Found: Cl, 28-4. Calc. for C,H,Cl: Cl, 28-1%) (p-nitro- 
derivative, m. p. 70°). 

In a second experiment, on the same scale, the aqueous treatment was replaced by addition 
of pyridine in m-pentane. There was obtained the crude, semisolid pyridine complex of methyl 
phenylchloroboronite, m. p. 95—105° (Found: Cl, 11-0; B, 3-4. Calc. for C,H,OCIB,2C,H;N : 
Cl, 11-4; B, 3-5%). 

(15) Benzyl ethyl ether. A procedure similar to (14), in one experiment (water treatment), 
gave benzyl chloride (71%), b. p. 60—61°/10 mm., ?° 1-5400 (Found: Cl, 27-7%) (p-nitro- 
derivative, m. p. 70°). In another experiment (pyridine treatment), there was obtained the 
pyridine complex of ethyl phenylchloroboronite (72%), m. p. 100—106° (Found: Cl, 10-1; 
B, 3-3; CsH,;N, 48-5%). 

(16) Benzyl n-butyl ether (3-18 g.) and dichloride (3-12 g.)._ Fractional distillation afforded : 
(a) benzyl chloride contaminated with the ether and dichloride (2-26 g.), b. p. 80—90°/10 mm., 
n® 1-5195; (b) crude n-butyl phenylchloroboronite (2-38 g.), b. p. 60—66°/0-01 mm., nf? 1-5045 
(Found: Cl, 14-1; B, 5-6%); and (c) a residue (1-05 g.). Fraction (a) was given aqueous 
treatment and fraction (b) pyridine tréatment, as described in (14). From (a) there was obtained 
benzyl chloride (1-40 g., 89%), b. p. 67—-68°/13 mm., n? 1-5410 (p-nitro-derivative, m. p. 70°). 
From (b) there was obtained the pyridine complex of m-butyl phenylchloroboronite, m. p. 
105—110° (Found : Cl, 10-3; B, 3-0; C;H,;N, 44-0. Calc. for C,)H,,OCIB,2C,H,N : Cl, 10-0; 
B, 3-1; CsH,;N, 446%). 

(17) Diphenyl and di-2-chloroethyl ether severally. The reactants were recovered almost 
quantitatively after an equimolecular mixture of each ether and the dichloride had been heated 
at 150—165° for 10 hr. 


We thank Mr. H. Pyszora for carrying out the infrared spectral measurements, and the 


" National College of Rubber Technology (Northern Polytechnic) for providing the facilities 


for these. 
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566. The Kinetics of the Rearrangement and Oxidation of Hydrazo- 
benzene in Solution. Part I. The Rearrangement and Spontaneous 
Oxidation. 

By D. A. BLACKADDER and SiR CyriL HINSHELWOOD. 


In acid solution, hydrazobenzene undergoes rearrangement to a mixture 
of benzidine and diphenyline. In alkaline solution containing oxygen, two 
hydrogen atoms are lost and azobenzene is formed. The two reactions are 
complementary in that rearrangement involves protonation while oxidation 
proceeds by deprotonation. 

The rearrangement is of the first order with respect to hydrazobenzene 
and of the second order with respect to acid. This is interpreted in terms of 
a rate-determining transformation, caused by the approach of a second 
proton, of a monoprotonated species. 

The oxidation of hydrazobenzene by dissolved molecular oxygen in 
catalyst-free solutions is a spontaneous reaction of the first order with respect 
to hydrazobenzene. The rate of reaction, in contrast with that of the 
rearrangement, decreases as the hydrion concentration increases. It is 
independent of the oxygen concentration once a certain critical value has 
been exceeded. These facts lead to a mechanism having as its rate- 
determining stage the second ionisation of hydrazobenzene to give a doubly 
charged negative ion, readily oxidised. 


In acid solutions hydrazobenzene undergoes rearrangement to a mixture of benzidine and 
(in small proportion) diphenyline: in alkaline solutions containing oxygen it is oxidised 
to azobenzene. The two reactions are complementary in that they represent the con- 
sequences of protonation and deprotonation respectively. One proton may be gained or 
one may be lost in a reversible manner, after which, on the one hand, the approach of a 
second proton to the monoprotonated species causes rearrangement, or on the other, the 
loss of a second proton is thought possibly to yield a highly reactive ion, rapidly oxidised. 
The character of both reactions is controlled by the interplay of the typical aromatic 
transmission of charges, and the ion-forming tendencies of the -NH-NH- group. Both 
reactions, it is suggested, manifest the tendency of organic molecules to avoid states of 
high charge density and when such states are produced or are liable to be produced chemical 
reaction occurs. 

The isomerisation has been previously studied, especially by Carlin, Nelb, and Odioso,} 
who concluded that the rate was proportional to the square of the hydrogen-ion con- 
centration. Further measurements have now been made, partly to provide data strictly 
comparable with those obtained on the oxidation reaction, and partly to determine more 
fully the influence of anions which might conceivably have played a part in accepting 
protons from the para-position in the isomerisation. The oxidation by molecular oxygen 
seemed to offer a useful field of study especially in view of the contrast referred to above. 


EXPERIMENTAL 


Hydrazobenzene was prepared by reduction of azobenzene with zinc dust in alkaline 
aqueous methanol and purified by repeated recrystallisation from light petroleum (b. p. 80— 
100°). The white crystals (m. p. 128—130°) were stored dry and out of contact with air. A 
sample of pure trans-azobenzene was prepared by Hartley’s ? method. 

The rate of the rearrangement was measured in aqueous ethanol, 44% or 93% ethanol by 
weight (i.e. at 25°, 50 ml. of ethanol -+ 50 ml. of water or 95 ml. of ethanol + 5 ml. of water). 


The rate of the oxidation was measured in the 44% ethanol only, Reaction mixtures of the 


? Carlin, Nelb, and Odioso, J. Amer. Chem. Soc., 1951, 78, 1002. 
* Hartley, J., 1938, 633. 
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appropriate nominal pH were prepared on the assumption that in all cases the autoprotolysis 
constant was 10-4. This would not be numerically accurate but the simplification does not 
affect the interpretation of the results. In any case in alcoholic solutions even measured pH 
values are at best convenient reference numbers of no fundamental significance.* In general, 
the reaction mixtures contained either hydrochloric acid or sodium hydroxide and also inorganic 
salts, but a simple boric acid buffer was used to provide pH values from 8 to 10 in the study of 
the oxidation. All the components of a reaction mixture with the exception of a small volume 
of alcohol and the hydrazobenzene were placed in a thermostat at 25° + 0-05° for 30 min. before 
the start of an experiment. The total volume of each reaction mixture was 200 ml. at 25° and 
the run was started by addition of the alcoholic hydrazobenzene. 

The rate of rearrangement was measured under nitrogen, the reaction vessel being such that 
liquids could be added or withdrawn without admission of air. Samples were blown out by 
applying a suitable pressure of nitrogen to the surface of the mixture and were immediately 
quenched in a small known excess of alkali. Reaction mixtures were all 10-° molar in hydrazo- 
benzene and samples were diluted 25-fold for spectrophotometric analysis in a “‘ Unicam ”’ 
S.P. 500 spectrophotometer. Carlin, Nelb, and Odioso? noted the optical density at three 
different wavelengths, viz. 245 mu, 270 my, and 285 muy, and these values were used to calculate 
the amount of hydrazobenzene, benzidine, and diphenyline in each sample, the appropriate 
extinction coefficients being known. In the present work the amount of hydrazobenzene 
present was calculated from the data at each wavelength separately. The products of rearrange- 
ment were treated collectively as a single component and a linear calibration graph made for 
each wavelength, the limits of each corresponding to the optical density of a solution of pure 
hydrazobenzene and that of the final mixed products at that wavelength. The shapes of the 
absorption curves for hydrazobenzene, azobenzene, and the final product are such that 
absorption measurements at 245 mu provide a good check on the absence of azobenzene in 
significant amounts. This linear calibration method would be invalidated by any mutual 
interaction of reactant and products or by the formation of products in a continuously varying 
ratio, but these effects were shown to be absent, and the results yielded excellent first-order 
plots from which a pseudo-first-order rate constant, k, was calculated for each run. 

The experiments on the oxidation reaction were made with blackened vessels. The solutions 
were kept saturated with air free from carbon dioxide or a mixture of pure oxygen and pure 
nitrogen in known amounts passed through calibrated capillary flow meters into the reaction 
mixture through a sintered-glass disc, which produced a vigorous frothing. The mixture of 
gases was bubbled through the reaction mixture in the thermostat for 30 min. before the start 
of the run. The efficiency of the saturating device was tested by experiment. Samples for 
analysis were withdrawn at suitable times and analysed by measurement of the optical density 
at 435 my with a “ Unicam’”’ S.P. 600 spectrophotometer. Samples were unquenched and 
und‘\uted since solutions initially 10° molar with respect to hydrazobenzene were suitable for 
spectrophotometric analysis. ¢vas-Azobenzene was the only product of the oxidation, and 
end-points were obtained by preparing solutions of the appropriate pH containing this substance 
at a concentration identical with that of hydrazobenzene used. Linear calibration graphs 
were prepared and from the results the reaction was shown to be very nearly of the first order 
with respect to hydrazobenzene although the constants showed a slight tendency to fall with 
time and, in general, initial rates were recorded. 

The Rearrangement Reaction.—The reproducibility in the pseudo-first-order rate constant k 
was generally better than 10%, and variation of initial concentration confirmed the first-order 
character of the reaction. The rate of reaction increases with the acidity of the medium and at 
a given acidity it is faster in the more aqueous medium. It was measured over a five-fold 
range of acid concentrations at an ionic strength maintained constant by the use of several 
alternative salts. The results are shown in the Table and in Fig. 1 —log & is plotted against 
—log [HCl]. The fact that all the results tend to fall on a straight line of slope 2 is evidence 
that the anions are not specifically concerned in the mechanism of the rearrangement process 
which proceeds at a rate depending on the square of the acid concentration. 

The Oxidation by Molecular Oxygen.—The rate of the oxidation of hydrazobenzene in alkaline 
solutions containing a constant supply of oxygen depends on the pH. Variation of initial 
concentration showed the reaction to be of the first order with respect to hydrazobenzene. The 
reproducibility of results was on the whole good but under given experimental conditions the 


3 Bates, ‘‘ Electrometric pH Determination,’’ John Wiley and Sons, Inc., New York, 1954, p. 150. 
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rate did vary somewhat from one batch of alcohol to another. This variation, which might 
amount to 10 or 15%, was the first indication that the reaction might be susceptible to catalysis 
and inhibition. 


Variation of rate of rearrangement with acidity at constant ionic strength in 
44%, ethanol at 25°. 


HCl [x] Salt (a) 10%% (min.-) HCl [yn] Salt (m) 10%% (min.~?) 
0-015 #NH,Cl 0-235 7-60 0-040 PhSO,Na 0-210 45-8 
0-015 NaNO, 0-235 7-35 0-040 NaClO, 0-210 59-2 
0-025 NH,Cl 0-225 19-9 0-050 NH,Cl 0-200 79-7 
0-025 NaNO, 0-225 18-5 0-075 NH,Cl 0-175 173 
0-040 NaNO, 0-210 51-3 0-075 NaNO, 0-175 186 


With a constant solvent the dependence of the rate of the reaction on pH in 
solutions saturated with air was measured with results shown in Fig. 2 where a negative salt 
effect is also discernible. The ionic strength of Set II was higher than that of Set I. 
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The variation of rate with oxygen concentration is shown in Fig. 3, where the abcissa gives 
the % of oxygen in the gas stream to which the concentration in solution is proportional. At 
pH 10 and at pH 13 the rate becomes independent of the oxygen concentration when a certain 
low value has been exceeded. 

Two major questions are (a) whether or not the reaction is truly spontaneous and (bd) if so 
whether or not chain processes are involved. trans-Azobenzene added at the start of a run had 
no effect on the rate of the reaction. Neither did this depend on the length of the saturation 
period immediately preceding the run. A group of antioxidants altered the rate of 
the reaction to so small an extent as to render very improbable the idea of long 
chains capable of being broken by the antioxidants which were N-phenyl-2-naphthy]l- 
amine, 2 : 4-dimethyl-6-2’-methylcyclohexylphenol, and _bis-(2-hydroxy-5-methyl-3-2’-methyl- 
cyclohexylphenyl)methane. By analogy with the oxidation of ascorbic acid to ascorbone * 5 
and other processes the oxidation of hydrazobenzene might be catalysed by small amounts of 
metal ions and this idea proved to be true. A survey of the catalytic effect of small amounts 
of the ions of the more common metals (see Part II) showed that under the conditions of the 
experiments cupric ions were about nine times more effective than the ions of any other metal. 
It became clear that the oxidation taking place in solutions to which catalyst had not been 


* Barron, De Meio, and Klemperer, J. Biol. Chem., 1936, 112, 625. 
5 Weissberger, LuValle, and Thomas, J]. Amer. Chem. Soc., 1944, 66, 700. 
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deliberately added could hardly be due to the presence of some adventitious metal-ion catalyst 
since, with the possible exception of cupric and ferric ions an impossibly large amount would 
be required to explain the observed reaction velocities. A careful search for the ions of copper 
and iron in the reaction system was then made. The reagents used were dicyclohexanone 
oxalyldihydrazone and o-phenanthroline, respectively. These reagents are sufficiently sensi- 
tive to detect the small amounts of metal ions which, had they been present, could have 
accounted for the apparently spontaneous reaction. A general test for metal ions in the distilled 
water used throughout the experiments was provided by Zeo-Karb 225. This material removes 
ions from solvents but the rate of the reaction was not reduced by filtering the water through a 
column of the resin. Ethylenediaminetetra-acetic acid (edta) binds the ions of many metals, 
and experiments with edta and cupric ions showed that the catalytic effect of the metal ions is 
much reduced and one would therefore suppose that the rate of a reaction brought about by an 
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adventitious metal-ion catalyst would be reduced by the addition of edta. This was not 
observed. Nor was the rate of oxidation increased when the residues from the ignition of a 
large quantity of hydrazobenzene were incorporated in a typical reaction mixture, indicating 
that the compound itself was free from catalytic ions. The reaction was found to be slowed by 
small amounts of acetaldehyde and thiophen which could possibly find their way in traces into 
the alcohol and which would explain the variation in rate from one batch of alcohol to the next. 
The possibility remained that the alcohol of the solvent was itself oxidised in some way and 


* that this oxidation brought about the oxidation of the hydrazobenzene. Experiments of long 


duration, designed to show up any oxidation of the alcohol, however small, yielded negative 
results. 


DISCUSSION 


The two reactions here described are complementary in the sense that both of them 
involve the same reaction site and they seem to be initiated by simple protonation or 
deprotonation, respectively. 

It has been shown beyond doubt, particularly by Smith, Wheland, and Schwartz,’ 
that the rearrangement of hydrazobenzene is intramolecular. There is now a large body 
of kinetic results indicating that the rate of the reaction is proportional to the square of 
the acid concentration and it is also known that the products are formed in a fixed 
ratio.3.8.8 The anions present seem to play no specific part. If the dependence of rate on 
acid concentration is interpreted in terms of either the rate-determining formation or the 
rate-determining rearrangement of a diprotonated species then a difficulty arises in drawing 
satisfactory structures for the intermediate. 


* “‘ Organic Reagents for Metals,’’ Hopkin and Williams Ltd., 5th Edn., 1955, pp. 31, 124. 
7 Wheland, Schwartz, and Smith, J. Amer. Chem. Soc., 1952, 74, 2282. 

® Hammond and Shine, J. Amer. Chem. Soc., 1950, 72, 220. 

® Croce and Gettler, ibid., 1953, 75, 874. 
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It is here suggested that the rearrangement of hydrazobenzene depends on the second 
power of the acid concentration because the monoprotonated species is made to rearrange 
itself by the approach of a second proton in the rate-determining step. The stoicheiometry 
of the process is as shown : 


monoprotonated species -+- H* —» molecule of product + 2H* 


The protons released come from the original para-positions when the new linkage is 

established and the second proton goes to complete the second amino-group. The 

important point is that the second proton should be thought of as bonding itself to the 

distorted ion produced by its own approach only after the transition state is passed, 

rather than to the species still describable as monoprotonated hydrazobenzene. In other 

words, rearrangement is the preferred alternative to diprotonation of hydrazobenzene. 
Steps (1) and (2) 


(1) PhNH-NHPh + H' == PhNH,*-NHPh. . K, =&,/k, 
(2) PhNH,**NHPh + H'—® products . . . . . . ke 


lead to the rate expression 
d|PhNH-NHPh]/dé = k,K,[PhNH-NHPh)[H' }* 


Now, although with hydrazobenzene itself it appears that the monoprotonated species 
will rearrange only when stimulated by the approach of a second proton, this need not be 
true of substituted hydrazobenzenes. Carlin and Odioso }® found that o-hydrazotoluene 
undergoes rearrangement at a rate depending on the acid concentration to a power of 1-6. 
This could be explained in terms of a significant contribution to the observed rate by the 
spontaneous rearrangement of the monoprotonated species, assumed in the early theories 
of the hydrazobenzene rearrangement before kinetic data became available. This 
spontaneous rearrangement would require the introduction of a new equation 


(3) PhNH,*"NHPh—» products . . . . . . hy 


Steps (1), (2), and (3) give the following expression which can explain an observed order of 
acid dependence anywhere between 1 and 2. With hydrazobenzene itself, k, is apparently 
negligible. 

—d[{PhNH-NHPh]/d¢ = K,{[PhNH-NHPh][H*}{A,[H*] + &,} 


The positive salt effect reported on several occasions is in the expected sense for a rate- 
determining step involving ions of like sign. 

The picture of the transition state is simplified by the idea of a monoprotonated species 
rearranging itself under the influence of a second proton. The structures suggested by 
Hammick and Mason" are stereochemically plausible and the energy of activation 
contains as a major term the increase in energy when the monoprotonated species is forced 
into the transition state by the approach of a second proton. Dewar ™ has postulated the 
r-complex to dispose of the stereochemical difficulties and explain the intramolecular 
character of the reaction, but kinetic evidence does not help in deciding whether or not it 
is strictly necessary to posulate an intermediate of unusual bond structure. 

The oxidation of hydrazobenzene in alkaline solutions containing oxygen is of the 
first order with respect to hydrazobenzene and can apparently take place in reaction 
mixtures which do not contain a metal-ion catalyst of the type described in the following 
paper. The rate of reaction increases rapidly with increasing alkalinity but becomes 
independent of the oxygen once a small concentration has been exceeded. 

1° Carlin and Odioso, J. Amer. Chem. Soc., 1954, 76, 100. 


11 Hammick and Mason, J., 1946, 638. 
12 Dewar, Nature, 1945, 156, 784; /., 1946, 406, 777. 
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These facts lead to the formulation of a simple non-chain mechanism, the rate- 
determining stage of which does not involve oxygen except at very low oxygen 
concentrations where a different stage controls the rate. The working assumption is made 
that the first (acid) dissociation of hydrazobenzene is rapidly reversible whereas the second 
ionisation, involving a redistribution of charge, is slow. The second ionisation can take 
place when the negative charge on the first ion is as far away as possible from the 
neighbourhood of the second proton due to be lost. The doubly charged ion is so reactive 
that it suffers either protonation or complete oxidation by electron transfer almost at 
once. The reaction sequence may be set down as follows : 


One = Ore Qe rote 
Orn = Onin sents 
Qin = Quire ese 


The concentration of the highly reactive doubly-charged ion reaches a small stationary 
value and the following expression is obtained for the rate of the reaction 
_ d{PhNH-NHPh] _ &,k,K,[PhNH-NHPhj/[O,}/[H*] (4) 
di ~ Ral H"] + Ry[Og] Fat 





There are obviously two limiting cases of this expression which show it to be in harmony 
with the kinetic results 


(i) A,{H*] > k,[O,] 
d{PhNH-: NHPh] — _ oka Kk, Letom ‘NHPh][O " 
— HP Pie hs oer 

(i) kefH"] <hyl0,] 
—d{PhNH-NHPh}/d¢ = &,K,[PhNH*-NHPh]/[H*]. . . . (6) 








There is some evidence for a rather slow oxidation involving undissociated hydrazobenzene 
and although this makes but a small contribution to the observed oxidation in alkaline 
solutions it is probably responsible for the rather troublesome oxidation which still tends 
to occur when the rate of rearrangement of hydrazobenzene is measured in acid solution. 

A certain symmetry is discernible in the reactions of hydrazobenzene here discussed. 
Chemical transformation follows any attempt to create a doubly charged hydrazobenzene 
ion either by protonation of the monoprotonated species or by further dissociation of the 
first anion. 


H+ —H+ 
Rearrangement products ««—— PhNH,**-NHPh ——= PhNH-NHPh ——= PhN--NHPh —— Oxidation 
reaction 


PHYSICAL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, January 22nd, 1957.) 
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567. The Kinetics of the Rearrangement and Oxidation of Hydrazo- 
benzene in Solution. Part I1.* The Catalysed Oxidation. 


By D. A. BLACKADDER and Sir Cyrit HINSHELWooD. 


The ions of many metals catalyse the oxidation of hydrazobenzene in 
alkaline solutions containing oxygen, but cupric ions are outstandingly 
effective. The catalyst cycle involves the rate-determining acceptance of 
one electron by cupric ions from a substrate consisting of singly charged ions 
produced by the first (acid) dissociation of hydrazobenzene. The rate of the 
reaction is independent of the oxygen concentration once a certain critical 
value is exceeded. A similar limit is reached on increasing the concentration 
of the catalyst. The latter behaviour, coupled with the dependence of rate 
on pH, leads to the conclusion that the catalyst is a colloidal solution of cupric 
hydroxide, which enters into an oxidation-reduction cycle. 


In the preceding paper it was noted that the oxidation of hydrazobenzene by oxygen in 
alkaline solution is catalysed by trace amounts of metal ions. The present paper is 
concerned with the mechanism of this catalysed oxidation. 


EXPERIMENTAL 


Materials and techniques were as in Part I. Solutions containing very small quantities of 
metal ions were prepared by systematic dilution. Blackened reaction vessels were used and 
for certain experiments under oxygen-free conditions the apparatus used was that devised for 
the measurement of the rate of rearrangement of hydrazobenzene. In other cases the reaction 
mixtures were saturated with air or a mixture of oxygen and nitrogen as already described. 


RESULTS 


The reaction was of the first order with respect to variation in the initial concentration of 
hydrazobenzene but as rate constants tended to fall off with time initial rates were used to 
calculate a pseudo-first-order rate constant, k, foreach run. A preliminary survey was carried 
out in order to determine which catalysts were most suitable for further study. Reaction 
mixtures 10-5 molar with respect to a metal-ion catalyst were used and the hydrazobenzene 
concentration was 10° mole/l. Cupric ions proved to be about nine times more effective than 
the ions of any other metal under the experimental conditions (see Table 1). 


TABLE 1. Relative effect of different metal tons on the rate of oxidation at 25° in solutions 
of pH 13 saturated with air. 


% change in k 
COB cocccaccccccccccscccccsccocsscssoccossovcsecccestscsccsecsecsscessouscesocetoccocescescoecoosece 750 
Sn I: TIED ciccicinsintineinnericeth ieddedadacecsarnacedionesiniaiibiinsinnnmneseuse 50—90 
Nickel, titanium, manganese, silver, gold, iron 
Lithium, sodium, potassium, rubidium, cesium, calcium, strontium, barium, beryl- 
lium, magnesium, cadmium, zinc, thallium, mercury, lead, boron, tungsten ... 





The catalytic effect of cupric ions was studied under different conditions. In presence of 10-5 
mole of cupric chloride per litre at pH 10 the rate of reaction becomes independent of the oxygen 
concentration once a small value has been exceeded. The dependence of the rate on catalyst 
concentration was studied at pH 10 and at pH 13 in mixtures saturated with air (Figure). 
The nature of the catalytic cycle was next established as follows. When oxygen is excluded 
from reaction mixtures containing relatively large quantities of cupric chloride azobenzene is 
produced, indicating that cupric ions alone are capable of carrying through the complete oxid- 
ation process. There is, of course, no regeneration of the catalyst in absence of oxygen and the 
reaction very soon comes to a stop. The stoicheiometry of the process was found to be as 
shown, cupric ions being reduced to the cuprous stage and no further : 


PhNH-NHPh + 2Cu** —» PhN-NPh + 2H* + 2Cut* 





* Part I, preceding paper. 
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This was proved by preparing reaction mixtures containing different amounts of cupric chloride 
but no oxygen. After a suitable time excess of edta was added, with exclusion of oxygen, in 
order to bind the copper and so reduce its catalytic activity. This made it possible to estimate 
the amount of azobenzene produced under the oxygen-free conditions without any serious error 
due to the usual catalysed oxidation which would taken place when samples were exposed to 
the atmosphere. The results are in Table 2. The first row represents the expected oxid- 
ation in terms of the equation given above. 


TABLE 2. Oxidation by cupric tons. 


Expected (9%)  ..cccccccoccoccccceesacessssoccccencecs 25 37-5 50 72-5 
CUaBEUSE CF) ccccseccccccccsncnresestectccoccosccess 31 47 55 76 
Cupric chloride (moles/litre X 10%)  .........+.. 0-50 0-75 1-00 1-45 


It was noted that although the catalytic effect of cupric ions is markedly reduced when they 
are bound by edta this compound itself shows some catalytic activity, an interesting effect 
which merits further study. The catalysis is not due to contamination of the edta with metal 
ions, as an ignition test, similar to that applied to hydrazobenzene, showed it to be ion-free. 
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The solubility product of cupric hydroxide was exceeded throughout the determinations of 
reactions rates by a factor of at least 10° yet no precipitation occurred. This suggested that the 
catalyst was present in the form of a colloid, stable at least for the period of an experiment. 
Reaction mixtures containing the same amount of cupric chloride were subjected to high- 
speed centrifugation for varying lengths of time immediately before the runs. A complex, pH 
dependent, change in the rate was observed supporting the idea of catalysis by a rather sensitive 
colloidal system. At pH 10 the rate of the reaction (#, sec.-!) becomes independent of the cupric 
chloride concentration (moles 1.~!) (Figure) once a small critical concentration has been exceeded, 
but no such limit is detectable at pH 13. A limit is observed for catalysis by silver or gold 
at pH 13. These effects are difficult to explain except in terms of the colloidal nature of the 
catalysts. 

DIscussION 

The form of the catalyst cycle is clear from the experimental evidence. Cupric ions 
accept one electron, are reduced to the cuprous state and are rapidly re-oxidised by oxygen. 
The rate-determining step of the spontaneous oxidation has been assumed to be the second 
ionisation but in the very much faster catalysed reaction this can no longer be true. The 
cupric ions probably accept an electron from the first ion and the reaction sequence may be 
set out as follows: 


(1) PhNH-NHPh == PhN--NHPh+ H+. . K,=A,j/ky 
(2) PhN--NHPh-+Cutt—»Cut+PhN-NHPh . . . . he 
(3) PhN-NHPh + Cut+—» Cu++H*+PhNINPh . . . & 


(4) Cut +O,—eCutt+O,- . . . . . . . hy 
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Step (3) is taken to follow very rapidly on step (2) which is rate-determining, and the 
concentration of cupric ions is assumed to reach a stationary value : 
(5) d[Cut*}/dt = k,[Cu*][O,] — 2k,[PhN--NHPh](Cu**] = 0 
If [Cu] = total copper = [Cu*} + [Cu**] and [Cu*] is replaced by 
2k,{[PhN-*-NHPh)[Cu**] /{z,[0,]} 


from eqn. (5) then an expression for [Cu**] is obtained by transposition : 





Cut OF wn R,[O,] [Cu] 
i 4+ ~ 2Ref PhN--NHPh] + &,4[Og] 
Since [PhN--NHPh] = K,{[PhNH-NHPh)]/[{H*} 


_d{PhNH-NHPh) /dt = &,[PhN--NHPh][Cu**] 
5) — fataKy[PRNH-NHPHI[O,](Cu)/(H") 
(6) = 5.10.) + 24 K;[PhNH-NHPh}/[H*) 





This equation has two limiting cases which describe the observed kinetics of the oxidation 
process : 
(i) ,[O.] < 2k,K,{[PhNH*NHPh}/[H*} 
(7) —d{PhNH-NHPh]/dé = 32,[Cu][O,] 
(ii) AO.) > 2k,.K,[PhNH-NHPh]/(H*] 
(8) —d[PhNH-NHPh)/d¢ = &,K,{[PhNH-NHPh)[Cu] /(H*] 


The above treatment takes no account of the fact that at pH dependent, critical con- 
centrations of the catalyst the rate becomes independent of the catalyst. This effect is 
best discussed separately since it is a function of the catalyst rather than of the catalysed 
reaction. At pH 10 the critical concentration of cupric chloride is less than 10-5 mole/I. 
for solutions saturated with air but contrary to what might have been expected the rate of 
the reaction in presence of 10-° mole/l. is not increased by saturating the solution with 
pure oxygen. Moreover, the concentrations at which the rate ceases to increase are 
different for silver and gold which show critical values in media at pH 13 where no limit is 
detectable with copper. These various facts suggest that the explanation must be sought 
in terms of colloidal phenomena. 

The catalyst is probably a colloidal solution of the hydroxide peptised by hydroxy] ions, 
the solutions being alkaline. The higher the pH the greater the degree of peptisation and 
the greater the number of micelles for a given concentration of the catalyst. Once the 
catalyst concentration exceeds a certain value the number of micelles may become 
effectively constant, further increases in the amount of catalyst present simply increasing 
the average size of the micelles or leading to coagulation of the small active particles. 
Ions of the catalyst buried in the core of large micelles are presumably not catalytically 
available. The pH dependence of the critical concentration can thus be understood. 

Equations (7) and (8) both involve a kinetic constant (k, or k,) describing an electron- 
transfer process associated with the catalyst, the best catalysts for the oxidation of 
hydrazobenzene in alkaline solution being those susceptible to ready interconversion from 
one oxidation state to another, in other words those with oxidation states of comparable 
stability in the colloid micelles. 


One of the authors (D. A. B.) of this and the preceding paper thanks the Department of 
Scientific and Industrial Research for a Maintenance Allowance. 


PHYSICAL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. (Received, January 22nd, 1957.] 
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568. Conformational Anomalies in Some Triterpenoid Bromo- 
ketones. 


By D. H. R. Barton, D. A. Lewis, and J. F. McGuie. 


Monobromination of lanost-8-en-3-one affords 2«- (95%) and 28-bromo- 
lanost-8-en-3-one (5%). The configurations of these compounds have been 
established by study of the derived bromohydrins obtained by reduction with 
sodium borohydride. Both bromo-ketones have ultraviolet and infrared 
spectra indicative of equatorial bromine. This can be explained by postulat- 
ing a preferred boat conformation for ring A in 28-bromolanost-8-en-3-one. 

Monobromination of lanostan-3-one affords only 2«-bromolanostan-3- 
one. The 28-bromo-analogue has been prepared by an indirect method. 
Both monobromo-ketones have equatorial bromine as judged by their 
absorption spectra and, again, a preferred boat conformation must be 
postulated for the 28-bromo-compound. 

Anomalies in the opening of 28 : 38-epoxy-derivatives of lanost-8-ene and 
lanostane are discussed and rationalised in conformational terms. 


THE reliable and effective method for the elucidation of halogen configuration in steroidal 
a-bromo-ketones is chemical and relies upon the following argument.! a«-Bromo-ketones 
are reduced by sodium borohydride to bromohydrins. On treatment with alkali cts- 
bromohydrins afford ketones, whilst ¢rans-bromohydrins give epoxides.? If therefore a 
bromo-ketone is reduced to a bromohydrin and the latter is (a) treated with alkali and (0) 
reductively dehalogenated to the parent alcohol of known configuration, it becomes simple 
to deduce the configuration of the bromine atom. 

In principle, one would expect the reaction of alkali with cyclohexanic halogenohydrins 
to be subject to conformational control in that the four centres of importance in the 
reaction should lie in one plane for maximal reaction rate. This means that for epoxide 
formation hydroxyl and halogen, and for ketone formation the hydrogen and halogen, 
should preferably both be axial. In substituted cyclohexanes having the usual chair 
conformation, four types of 1 : 2-halogenohydrins can therefore be distinguished (I—IV). 
Substances containing the systems (I) and (III) should react rapidly with alkali to give 
ketone and epoxide respectively : those containing the systems (II) and (IV) should react 


Slowly, to give (epimeric) epoxide and ketone respectively. The data summarised in 


Table 1 for some steroidal halogenohydrins of defined conformation support these 
generalisations.‘ 


Hal H Hal H 
H Hal H Hal 
HO HO H H 
H H Oo OH 
(I) 


(11) Hal) (IV) 


The conformations of «-halogenocyclohexanones and, by implication, their configur- 
ations can also be determined by physical methods. Thus equatorial «-halogenocyclo- 
hexanones show a shift of the infrared carbonyl frequency to higher wave numbers relative 
to the frequency for the parent ketones: the axial analogues in contrast show little 
displacement.5 The reverse situation holds for the ultraviolet absorption spectra of 
a-halogenocyclohexanones, the axial compounds showing a shift in wave length and 


1 Fieser and Ettorre, J. Amer. Chem. Soc., 1953, 75, 1700; Fieser and Dominguez, ibid., p. 1704; 
Corey, ibid., p. 4832; Fieser and Huang, ibid., p. 4837. 

2 Bartlett, ibid., 1935, 57, 224. 

3 Barton and Cookson, Quart. Rev., 1956, 10, 44, and references there cited. 

* See Barton, Experientia, Suppl. II, 1955, 121. 
5 Jones, Ramsay, Herling, and Dobriner, J. Amer. Chem. Soc., 1952, 74, 2828. 
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intensity of maximal absorption, the equatorial compounds approximating in behaviour 
to the parent ketone.*® 

The conformations of cyclohexanic halogenohydrins can also be explored by an infrared 
method. Thus, for example, axial bromine confers one or more strong bands in the 500— 
600 cm. region, whilst equatorial bromine gives one or more bands in the 700 cm." 
region.’ 

All these techniques have proved of value in the study of various bromo-ketones derived 
from lanosterol. 


TABLE 1. 
Conformation Conformation Time (min.) required for % 
of halogen of OH or H reaction under standard 

Halogenohydrin Refs. eliminated eliminated conditions (see Experimental) 

5% 40% 70% 

2a-Chlorocholestan-3f-ol ... a e (Cl) e (OH) 4560 _ _ 

2a-Bromocholestan-3f-ol ... 06, ¢ e (Br) e (OH) _ 600 1440 

2a-Bromolanost-8-en-3f-ol... d e (Br) e (OH) — 120 3000 

2a-Bromolanostan-36-ol ...... d e (Br) e (OH) a 1000 4500 
28-Chlorocholestan-3a-ol e a (Cl) a (OH) — 0-8 24 
28-Bromocholestan-3a-ol ... ¢ a (Br) a (OH) — 0-25 0-6 

28-Bromolanostan-3a-ol ...... d a (Br) a (OH) _ + 8 

28-Bromolanost-8-en-3f-ol... d a (Br) a (H) _ 3 10 

28-Bromolanostan-36-ol ...... d a (Br) a (H) 3 10 40 
3a-Chlorocholestan-2f-ol e a (Cl) a (OH) _— 1-2 2-8 
3a-Bromocholestan-2f-ol ... ¢ a (Br) a (OH) — 0-2 0-4 


* Beereboom, Djerassi, Ginsburg, and Fieser, ]. Amer. Chem. Soc., 1953, 75, 3500. * Fieser and 
Huang, ibid., p. 4837. * Corey, tbid., p. 4833. This paper. ¢ Alt and Barton, J., 1954, 4284. 


Treatment of lanost-8-en-3-one (V) with 1 mol. of bromine gave a mixture of mono- 
bromo-ketones. The major product was characterised as the expected 2«-bromolanost-8- 
en-3-one (VI) on the following evidence. Reduction with zinc gave back the parent 
ketone. Heating with collidine gave lanosta-1 : 8-dien-3-one. Reduction with sodium 
borohydride afforded 2«-bromolanost-8-en-38-0l (VII), reconverted into the bromo-ketone 
by chromium trioxide. Treatment with alkali afforded 28 : 38-epoxylanost-8-ene (VIII). 
Reduction of the bromohydrin (VII) with zinc gave lanost-8-en-36-ol (IX). These facts 
(cf. above) establish the configuration of the bromohydrin (VII) and hence of the parent 
bromo-ketone (VI). The expected conformation (X) of the bromohydrin (VII) is con- 
firmed by an equatorial-bromine infrared band at 724 cm.-! (band at 730 cm.~} in derived 
acetate) and by the slow reaction (see Table 1) with alkali. The conformation of the 2- 
bromolanost-8-en-3-one is also as expected (XI; equatorial bromine), as shown by the 
data summarised in Table 2. 

The minor product of the bromination gave with sodium iodide a monoiodo-ketone. 
This compound was also obtained from 2«-bromolanost-8-en-3-one with the same reagent 
and is regarded as 22-iodolanost-8-en-3-one. The minor bromination product must 
therefore be the stereoisomer of the 2«-bromo-ketone, 1.¢., 26-bromolanost-8-en-3-one 
(XII). The following evidence confirmed this. Reduction with zinc gave back lanost-8- 
en-3-one. Treatment with sodium borohydride furnished a bromohydrin, which was 
reduced by zinc to lanost-8-en-38-ol (IX) and gave lanost-8-en-3-one (V) with alkali. The 
bromohydrin must therefore be 28-bromolanost-8-en-36-ol (XIII), and the parent ketone 
must be the 28-compound (XII) as already formulated. The conformation of (XIII) 
must be the expected one (XIV) since the compound showed an infrared band at 515 cm. 
indicative of axial bromine (band at 603 cm.-! in the derived acetate) and reacted rapidly 
with alkali (diaxial elimination: see Table 1). However, the bromo-ketone (XII) clearly 
did not have the expected conformation (XV), since the spectroscopic data (Table 2) 
clearly indicated equatorial, not axial, bromine. The only rational explanation is that 


* Cookson, J., 1954, 282. 
* Barton, Page, and Shoppee, /., 1956, 331. 
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ring A of the bromo-ketone (XII) assumes a boat (XVI) rather than a chair (XV) conform- 
ation. One can understand some of the factors which dictate this preference. In the 


TABLE 2. 
Anse. Venez. Shift on substitution, and derived 
Ketone (mz) (cm.“) halogen conformation 
AAmax. Avmax. 
Lamost-8-en-3-OMe ......ccsccsesseeceesees 288 1703 —- ~- 
2a-Bromolanost-8-en-3-one .........+.. 291 1728 +3 (e) +265 (e) 
28-Bromolanost-8-en-3-one ..........++ 282 1734 — 6 (e) +31 (e) 
RIOD dscns cscccicnesnececqscsnes 294 1704 _— — 
2a-Bromolanostan-3-one .............++ 289 1726 —5 (e) -+ 22 (e) 
28-Bromolanostan-3-one ............0 285 1732 —9 (e) +28 (e) 


chair conformation (XV), there are powerful 1 : 3-interactions between the axial bromine 
and the two axial 4- and the 10-methyl group. These repulsive interactions are avoided 





(VIII) 






(Vil) | 
Zn 





H (IX) 
Br Br 
: HO H 
HO H H 
(XI) (X11) (XIV) 


in the boat conformation (XVI). Now the boat conformation of cyclohexane is strongly 
destabilised by 1: 4-interaction of axial hydrogen atoms,® but when the appropriate 
carbon atom is made trigonal by a ketone group this interaction is removed. Such a 
situation pertains in conformations (XV) and (XVI). This factor also helps to explain 
why the derived bromohydrin assumes the chair conformation (XIV). Clearly the 1 : 4- 
interaction of the 36-hydroxyl and the 108-methyl group in the boat conformation corre- 
sponding to (XIV) would be prohibitive. The two bromo-ketones (VI) and (XII) could be 
equilibrated by using hydrogen bromide as catalyst, the equilibrium at room temperature 
being 95% on the side of the 2a-compound. One can calculate, therefore, that the free- 
energy difference between conformations (XI) and (XVI) is approximately 1-8 kcal. mole“. 

So far as we are aware, this is one of the first occasions on which a cyclohexane ring 
which can be formulated as either a chair or a boat form actually exists in the latter. 
The claims made have therefore been confirmed by experiments on lanostan-3-one (XVII), 
as follows. 

® Cf. Dauben, Dickel, Jeger, and Prelog, Helv. Chim. Acta, 1953, 36, 325; Fieser and Dominguez, 
ref. 1; Jones, J. Amer. Chem. Soc., 1953, 75, 4839. . 

* Barton, /., 1948, 340; Angyal and Mills, Rev. Pure Appl. Chem., 1952, 2, 185; Shoppee, Chem. 
and fan. 1952, 86; Beckett and Mulley, J., 1955, 4169. 

50 
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Lanostan-3-one with an excess of bromine gave the 2 : 2-dibromo-compound (XVIII). 
With 1 mol. of bromine, on the other hand, it afforded a single monobromo-derivative. 
The latter was also obtained by conversion of lanostan-3-one into its enol acetate (XIX) 





(XV) (XVI) (XVID 


by excess of tsopropenyl acetate followed by reaction with bromine. This monobromo- 
lanostan-3-one was shown to be the 2«-derivative [as (VI)| by the following evidence. 
Reduction with zinc gave back lanostanone; treatment with collidine gave lanost-l-en- 
3-one. Refluxing with sodium iodide afforded an iodo-ketone regarded as 2«-iodolano- 
stanone. Reduction with sodium borohydride furnished a bromohydrin, which gave 
lanostan-38-ol [as (IX)] on reduction with zinc and afforded 28 : 38-epoxylanostane [as 
(VIIT)} on treatment with alkali. The bromohydrin must, therefore, be 2x-bromolanostan- 
36-ol [as (Vi) |, and the parent bromo-ketone 2«-bromolanostan-3-one [as (VI)]. The 
conformation (as (X)] of the bromohydrin was established by its slow rate of reaction 
with alkali (see Table 1) and by its equatorial- bromine absorption at 715 cm.-! (band at 
720 cm."! in the derived acetate). The conformation of 2«-bromolanostanone was estab- 
lished as that expected [as (XI)] from the spectral properties (see Table 2). 


Br 
Br } } O.. 
° H H 





(XVIII) (XIX) (XX) (XX1) (XXIT) (XXIII) 


Since there was no indication that 28-bromolanostanone [as (XII)] was formed in the 
bromination an indirect preparation was adopted. Lanost-2-ene (XX) was obtained by 
pyrolysis of lanostan-38-yl benzoate or by the action of zinc on 2«-bromolanostan-3$-yl 
acetate. The hydrocarbon was also prepared, in admixture with 3-isopropylidene-s- 
norlanostane (XXI), by dehydration of lanostanol with phosphorus oxychloride. Treat- 
ment of lanost-2-ene with perbenzoic acid gave 2«:3«-epoxylanostane (XXII). The 


pp 





(XXIV) (XXVI) 
Oo wi 
H H 
tA ie Ness “a 
(XXVID H H (XXVIII) 


configuration of this epoxide was confirmed by reduction with lithium aluminium hydride 
to lanostan-3-ol (XXIII), which on oxidation gave lanostan-3-one. On treatment with 
hydrobromic acid the oxide afforded 28-bromolanostan-3a-ol (XXIV), which was oxidised 
by chromic acid to the desired 28-bromolanostan-3-one [as (XII)]._ Reduction of the last 
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compound with sodium borohydride furnished 26-bromolanostan-36-ol [as (XIII)]. With 
alkali 28-bromolanostan-32-ol (XXIV) gave the parent epoxide (XXII) in a rapid reaction 
(Table 2). This reaction, as well as the axial bromine band at 636 cm.-! (bands at 603 
and 630 cm."! in the derived acetate), establish the preferred conformation as the expected 
(XXV). Reaction of 28-bromolanostan-38-ol with alkali rapidly (Table 2) gave lanostan- 
3-one. This confirmed “the expected conformation [as (XIV)], as did the infrared axial- 
bromine band at 521 cm.-?. 

The conformation of 28-bromolanostan-3-one was also found to be the boat [as (XVI)], 
not the chair {as (XV)|, form. This is established by the equatorial-bromine bands in the 
ultraviolet and infrared spectra (see Table 2). Equilibration with hydrogen bromide 
converted 28-bromolanostan-3-one quantitatively into the 2«-isomer, the accuracy of the 
rotational method employed being such that more than 1% of the 28-compound would have 
been detected. The free-energy difference between the two bromo-ketones is, therefore, at 
least 2-8 kcal. mole. Thus the effect of the 8: 9-ethylenic linkage in ring B is con- 
formationally transmitted * ° to a significant extent into ring a to alter the position of the 
bromo-ketone equilibrium. The failure to isolate a second bromo-ketone on bromination 
of lanostan-3-one is therefore understandable. 

A further conformational anomaly was found in the reactions of the 28 : 38-epoxides of 
lanost-8-ene and lanostane. Diaxial opening of these epoxides should furnish 28-hydroxy- 
3a-substituted derivatives as, for example, in the opening of 28 : 38-epoxycholestane.1! 
In fact, reduction with lithium aluminiurh hydride gave in both cases the equatorial 
38-alcohol, whilst reaction with hydrobromic acid furnished the corresponding diequatorial 
2«-bromo-38-hydroxy-compounds from which the epoxides had originally been prepared. 
A simple explanation for these results would be if the conformations of the 28 : 38-epoxides 
were based, not on distorted chairs (XXVI), but on distorted boats (XXVII). Diaxial 
opening of the latter would afford the boat conformations (XXVIII) of the 2x-bromo-38- 
hydroxy-compounds, which would, of course, at once be inverted to the chair conform- 
ations (X). Another example of abnormal epoxide opening has been given by Wendler, 
Taub, Dobriner, and Fukushima : this was considered to be electronic in origin, but the 
anomaly may be of conformational nature as suggested for the 28 : 38-epoxides above. 


EXPERIMENTAL 
Rotations are for CHCl], solutions and 4 dm. tubes; ultraviolet absorption spectra were 


, taken in EtOH on the Unicam S.P. 500 Spectrophotometer. Infrared spectra were taken in 


CS, solution. We are indebted to Dr. J. E. Page (Glaxo Laboratories Ltd.) and to Dr. G. 
Eglinton and his associates (Glasgow) for taking the spectra and for helpful discussions. 
Infrared spectra were also determined by Miss E. M. Tanner of Parke, Davis and Co. Ltd., 
through the kindness of Dr. R. E. Bowman. Activated alumina was Peter Spence’s Grade 
H, 100—200 mesh. Light petroleum refers to the fraction of boiling range 60—80°, unless stated 
to the contrary. 

Monobromination of Lanost-8-en-3-one.—Lanost-8-en-3-one (4:26 g.) in glacial acetic acid 
(70 ml.; slight warming to effect solution) was treated at 20° during 5 min. (efficient stirring) 
with bromine (0-55 ml.) in the same solvent (30 ml.). The solution was then set aside at about 
14° for 1} hr. and seeded with 2a-bromolanost-8-en-3-one (see below). This gave needles (3-2 g.), 
m. p. 128—129°. Crystallisation from ethanol furnished 2«-bromolanost-8-en-3-one (2-2 g.), 
needles, m. p. 138—139°, [a]p +19° (¢ 0-95), Amax, 291 my (log ¢ 1-73) (Found: C, 71-7; H, 9-8; 
Br, 15-3. C3 9H,gOBr requires C, 71-3; H, 9-8; Br, 15-8%). The acetic acid mother-liquors, 
left overnight at about 14°, gave material (470 mg.) which, on crystallisation from ethanol, 
afforded 28-bromolanost-8-en-3-one (350 mg.), plates, m. p. 167—168°, [a], +170° (¢ 1-39), Amax. 
282 my (log e 1-77) (Found: C, 71-0; H, 9-5; Br, 15-9%). 

In other runs the separation of the two compounds was not always so complete. The 
mixture was usually separated by brief treatment with warm ethyl acetate. The less soluble 

10 Barton, Head, and May, /., 1957, 935. 


11 First and Plattner, Helv. Chim. Acta, 1949, 32, 279; Alt and Barton, J., 1954, 4284. 
12 Wendler, Taub, Dobriner, and Fukushima, J. ‘Amer. Chem. Soc., 1956, 78, 5027. 
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28-bromolanost-8-en-3-one was left on decantation, whilst the more soluble 2«-isomer was 
recovered from the solution. 

Both bromo-ketones were debrominated by the following method. The bromo-ketone 
(100 ml.) in glacial acetic acid (15 ml.) was treated with ‘‘ AnalaR ”’ zinc dust (4 x 200 mg.) 
under reflux during 2hr. Crystallisation from ethanol afforded in both cases lanost-8-en-3-one, 
identified by m. p., mixed m. p., and rotation {[«]) +77° (c 0-72) and +77° (c 0-83) for the 2a- 
and 28-isomer respectively}. 

Equilibration of 2a- and 28-Bromolanost-8-en-3-one.—The bromo-ketones (52 mg.) in chloro- 
form (10 ml.) with addition of hydrogen bromide (d 1-5) in acetic acid (1-0 ml.) were left in a 
2 dm. polarimeter tube at room temperature. The initial readings were [«], + 18° and +170°, 
and the final readings (three days) -+- 26° and -++ 25° for the 2«- and 28-bromo-ketone respectively. 
Recovery of material gave in each case needles, m. p. and mixed m. p. 124—129°. 

2a-Bromolanost-8-en-38-vl and its Derivatives——2a-Bromolanost-8-en-3-one (2-0 g.) in 
benzene—absolute methanol (2:7; 90 ml.) was treated with sodium borohydride (1-0 g.) at 19° 
for 2 hr. Crystallisation from methylene dichloride-methanol gave 2a-bromolanost-8-en-3$-ol 
(1-6 g.), needles, m. p. 136—137° (decomp.), [«]) +26° (c 0-73), max. at 3640 and 1038 cm." 
(equatorial OH) (Found: C, 71-2; H, 9-6; Br, 16-0. C,,H,;,OBr requires C, 71-0; H, 10-1; 
Br, 15:7%). Treatment with pyridine-acetic anhydride overnight at room temperature 
afforded the acetate, needles (from methylene dichloride—-methanol), m. p. 148—149°, [a], + 16° 
(c 1-06), max. at 1745 and 1230 cm. (acetate) (Found: C, 70-0; H, 9-2; Br, 14-65. 
C3;,.H,;,0,Br requires C, 69-9; H, 9-7; Br, 14-5%). 

When 2a-bromolanost-8-en-38-ol (2-6 g.) was treated under reflux with 5% absolute-ethanolic 
potassium hydroxide (100 ml.) for 1 hr., it gave 28 : 38-epoxylanost-8-ene (1-3 g.), needles (from 
ethanol), m. p. 136—137°, [«]p + 112° (¢ 1-88), +111° (¢c 1-01), no ultraviolet absorption between 
230 and 280 mu, infrared band at 839 cm. (epoxide), no carbonyl band (Found: C, 84-5; H, 
11-6. C3 9.H;,O requires C, 84-4; H, 11-8%). This epoxide (500 mg.) in chloroform (25 ml.) 
was shaken vigorously with aqueous hydrobromic acid (10 ml.; 48% w/w) for 10 min. at room 
temperature. Crystallisation from methylene dichloride-methanol gave 2a-bromolanost-8-en- 
38-ol (410 mg.), identified by m. p., mixed m. p., rotation {[«], + 25° (c 1-19)}, and infrared 
spectrum. 

Reduction of 28 : 38-epoxylanost-8-ene (800 mg.) with lithium aluminium hydride (800 mg.) 
in anhydrous tetrahydrofuran (100 ml.) for 7} hr. gave lanost-8-en-38-ol (600 mg.), identified by 
m. p., mixed m. p., and rotation {[«], +57° (c 0-88)} and by the conversion into the acetate, also 
identified by m. p., mixed m. p., and rotation {[a], +59° (c 0-61)}. 

2a-Bromolanost-8-en-38-ol (90 mg.) was refluxed in benzene-methanol (1:2; 30 ml.) with 
“AnalaR”’ zinc dust (500 mg.; added in three portions) for 3 hr. Crystallisation from 
methylene dichloride-methanol afforded lanost-8-en-38-ol (60 mg.), identified by m. p., mixed 
m. p., and rotation {[«], +-58° (c 0-59)} and by conversion into the acetate, also identified by 
m. p. and mixed m. p. 

Oxidation of 2«-bromolanost-8-en-38-ol (200 mg.) in benzene—acetic acid (2:3; 25 ml.) 
with Kiliani chromic acid mixture (2-0 ml.) for 30 min. at room temperature gave back 2«-bromo- 
lanost-8-en-3-one. The identity of the latter was confirmed by debromination with zinc dust 
in acetic acid (see above) to lanost-8-en-3-one. 

28-Bromolanost-8-en-38-ol and its Derivatives.—28-Bromolanost-8-en-3-one (500 mg.) in 
benzene-methanol (2:3; 50 ml.) was treated with sodium borohydride (200 mg.) for 1 hr. 
Recrystallised with difficulty from light petroleum (b. p. 60—80°) the product (450 mg.; m. p. 
163°) gave 28-bromolanost-8-en-38-ol, soft needles, m. p. 163°, [a], +75° (c 1-70), max. at 3620 
and 1042 cm.-! (equatorial OH) (Found: C, 71-1; H, 10-2; Br, 15-5. C,,H,;,OBr requires C, 
71-0; H, 10-1; Br, 15-7%). The derived acetate (prepared by pyridine—acetic anhydride over- 
night at room temperature) formed needles (from methylene dichloride-methanol), m. p. 146— 

147°, [a] +87° (c 0-61), max. at 1744 and 1234 cm. (acetate) (Found: C, 69-4; H, 9-7. 
C3,H,;,;0,Br requires C, 69-9; H, 9-7%). 

28-Bromolanost-8-en-38-ol (150 mg.) in absolute ethanol (25 ml.) was refluxed with potassium 
hydroxide (700 mg.) for 2} hr. The crude product, filtered in light petroleum—benzene (1: 1; 
100 ml.) through alumina and crystallised from absolute ethanol, afforded lanost-8-en-3-one 
(100 mg.), identified by m. p., mixed m. p., and rotation {[«], + 78° (c 0-95)}. 

28-Bromolanost-8-en-38-oi (90 mg.) in glacial acetic acid (20 ml.) was treated under reflux 
with “ AnalaR ” zinc dust (500 mg.) for 1 hr. Crystallisation of the product from methylene 
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dichloride-methanol furnished lanost-8-en-3f-ol (65 mg.), identified by m. p., mixed m. p., and 
rotation {[«], + 58° (c 0-65)}. 

Lanosta-1 : 8-dien-3-one.—The total monobromination product of lanost-8-en-3-one (2-1 g.) 
in redistilled collidine (8 ml.) was heated under reflux for 4 hr. Working up in the usual way, 
filtration in benzene through alumina, and crystallisation from absolute methanol gave lanosta- 
1 : 8-dien-3-one, blades, m. p. 109—110°, [a], +46° (¢ 1-59), Amax. 225 my. (log e 3-91) (Found: C, 
84:2; H, 11-0. C3 ,H,,O requires C, 84:8; H,.11-4%). The 2: 4-dinitrophenylhydrazone 
formed orange needles (from methylene dichloride-methanol), m. p. 189—190°, Amax. 385 my. 
(log e 4-51 in CHCl,) (Found: C, 71-1; H, 8-6; N, 9-8. C,,H;,O,N, requires C, 71-5; H, 8-7; 
N, 9-3%). Lanosta-1 : 8-dien-3-one was also obtained by the same procedure from pure 
2«-bromolanost-8-en-3-one. 

2a-Iodolanost-8-en-3-one.—(a) From 2a-bromolanost-8-en-3-one. The bromo-ketone (300 mg.) 
in acetone (20 ml.) was heated under reflux for 3 hr. with sodium iodide in the same solvent 
(30 ml.; 10% w/v). Working up in the usual way, filtration in benzene solution through 
alumina, and crystallisation from acetone-methanol gave 2«-iodolanost-8-en-3-one (100 mg.), 
needles, m. p. 134—135° (decomp.), [«], +6° (¢ 1-12), Amax, 252 my (log e 2-88), max. at 1721 cm. 
(ketone) (Found : C, 65-1; H, 8-8; I, 22-9. C3 ,H,,OI requires C, 65-2; H, 8-9; I, 23-0%). 

(b) From 28-bromolanost-8-en-3-one. This bromo-ketone (400 mg.) was treated as above, to 
give the same iodo-ketone (180 mg.), identified by m. p., mixed m. p., rotation {[z]) +5° 
(c 1-08)}, and ultraviolet absorption (Found : C, 65-3; H, 8-6; I, 22-9%). 

(c) From the total monobromination product of lanost-8-en-3-one. This material gave the 
same results as under (a) and (5). 

Lanost-2-en-3-yl A cetate—Lanostan-3-one (1-1 g.) in warm isopropeny]l acetate (30 ml.) was 
treated with two drops of concentrated sulphuric acid and kept at 100° for 3hr. Working up in 
the usual way, filtration in light petroleum—benzene (4: 1) through alumina, and crystallisation 
from methylene dichloride-methanol gave /Janost-2-en-3-yl acetate (850 mg.), needles, m. p. 
130—131°, [a], + 56° (c 2-04) (Found: C, 81-3; H, 11-3. C,,H,;,O, requires C, 81-6; H, 11-6%). 

2 : 2-Dibromolanostan-3-one.—Lahostan-3-one (500 mg.) in ‘‘ AnalaR ”’ acetic acid (20 ml.) 
was treated at 16° with bromine (2-05 mols.) in the same solvent (25 ml.) for 10 min. and then 
left at room temperature for 6 hr. The crystalline product was filtered off and identified as 
2 : 2-dibromolanostan-3-one (450 mg.), needles, m. p. 135—136°, [«]) +29° (c¢ 3-22), max. at 
1716 cm.“! (ketone) (Found: C, 61-4; H, 8-6; Br, 27-4. C,,H; ,OBr, requires C, 61-4; H, 8-6; 
Br, 27-3%). 

2a-Bromolanostan-3-one.—(a) From lanost-2-en-3-yl acetate. The enol acetate (450 mg.) in 
“ AnalaR ” acetic acid (25 ml.) was treated with bromine (1-1 mols.) in the same solvent (5 ml.) 
at room temperature for 20 min. Crystallisation from ethanol gave 2«-bromolanostan-3-one 
(300 mg.), needles, m. p. 123—124°, [a], +34°'(c 2-22), Anax, 289 my (log « 1-59) (Found: C, 
71-0; H, 10-4; Br, 15-5. C;,H,;,OBr requires C, 71-0; H, 10-1; Br, 15-7%). 

(b) From lanostan-3-one. The ketone (740 mg.) was treated with bromine as above, to give 
the same bromo-ketone (670 mg.), identified by m. p., mixed m. p., and rotation {[x], -+34° 
(c 1-13), +34° (c 1-07)}. 

Treatment of 2«-bromolanostan-3-one (300 mg.) in glacial acetic acid (10 ml.) under reflux 
with ‘‘ AnalaR ”’ zinc dust (1-0 g.) for 2 hr. furnished lanostan-3-one (200 mg.), identified by 
m. p., mixed m. p., and rotation {[«], + 24° (¢ 1-67)}. 

2a-Bromolanostan-38-ol and its Derivatives —2a«-Bromolanostan-3-one (1-0 g.) in benzene— 
absolute methanol (1:2; 30 ml.) was treated with sodium borohydride (400 mg.) for 1 hr. at 
room temperature. Filtration gave 2«-bromolanostan-38-ol (760 mg.), needles (from methylene 
dichloride-methanol), m. p. 168—169°, [a], +23° (¢ 1-75), max. at 3620 and 1055 cm." 
(equatorial OH) (Found: C, 71-3; H, 10-4; Br, 14-5. C3 9H;,OBr requires C, 70-7; H, 10-5; 
Br, 15-7%). The derived acetate (prepared by pyridine—acetic anhydride overnight at room 
temperature) formed platelets (from methylene dichloride-methanol), m. p. 154—155°, [a]p 
+ 26° (¢ 1-40), bands at 1746 and 1230 cm.-! (acetate) (Found: C, 69-3; H, 9-9; Br, 14:8. 
C3;,H,,;O0.Br requires C, 69-7; H, 10-0; Br, 14-5%). 

2a-Bromolanostan-38-ol (100 mg.) was refluxed in glacial acetic acid (20 ml.) with ‘‘ AnalaR ”’ 
zinc dust for 2hr. Isolation of the product in the usual way furnished lanostan-3f-ol (75 mg.), 
identified by m. p., mixed m. p., and rotation {{«], +36° (c 0-79)}. 

2«-Bromolanostan-38-ol (1-0 g.) was refluxed in 5% absolute-ethanolic potassium hydroxide 
(80 ml.) for 1 hr. Isolation in the usual way gave 28 : 38-epoxylanostane (700 mg.), needles 
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(from ethanol), m. p. 170—171°, [a]p + 64° (c 1-29), max. at 841 cm.“ (epoxide), no carbonyl 
absorption (Found: C, 84-4; H, 12-0. C3 9H;,O requires C, 84:0; H, 12-2%). 

Treatment of this oxide (120 mg.) in chloroform (12 ml.) with 48% aqueous hydrobromic 
acid (2-0 ml.) at room temperature for 10 min. (vigorous shaking) gave back 2«-bromolanostan- 
38-ol (115 mg.), identified by m. p., mixed m. p., rotation {[a], -+23° (c 1-05)}, and infrared 
spectrum. 

Reduction of 28: 38-epoxylanostane (300 mg.) in refluxing anhydrous tetrahydrofuran 
(30 ml.) with lithium aluminium hydride for 7 hr. afforded lanostan-33-ol (220 mg.), identified 
by m. p., mixed m. p., and rotation {[«], +35° (c 0-95)}. The identity was confirmed by 
acetylation to lanostanyl acetate, identified by m. p., mixed m. p., and rotation {[«], +40° 
(¢ 0-52)}. 

a (8-0 g.) in dry pyridine (60 ml.) and benzoyl chloride (20 ml.) was 
kept at 100° for 14 hr. Crystallisation of the product from benzene—methanol furnished 
lanostan-38-yl benzoate (6-5 g.), needles, m. p. 204—205°, [a], +54° (c 1-39) (Found: C, 83-3; 
H, 10-6. C,,H;,0, requires C, 83-1; H, 10-9%). This benzoate (1-0 g.) was heated under 
reflux at atmospheric pressure for 2 hr. The product was chromatographed over alumina in 
light petroleum, to give lanost-2-ene (380 mg.), needles (from acetone), m. p. 100—101°, [a], 
-+ 62° (c 0-38) (Found: C, 87-3; H, 12-6. C3 9H,. requires C, 87-3; H, 12-5%). 

Lanost-2-ene was more conveniently prepared by the following procedure. Lanostan-38-ol 
(3-5 g.) in anhydrous pyridine (40 ml.) and redistilled phosphorus oxychloride (5-0 ml.) was kept 
at 100° for 14 hr. with good stirring. Working up in the usual way, filtration through alumina 
in light petroleum, and slow crystallisation from ethanol afforded an impure lanost-2-ene 
(2-4g.), m. p. 80—82°, [a]p +51° (c 1-10) (Found: C, 87-3; H, 125%). This was characterised 
as a mixture of lanost-2-ene and 3-isopropylidene-a-norlanostane in the following way. 
Hydrogenation of the hydrocarbon (110 mg.) in glacial acetic acid (15-0 ml.) at 85—-90° for 1 hr. 
over platinum gave lanostane (75 mg.), identified by m. p., mixed m. p., and rotation {[a]p 
-+-35° (¢ 0-75)}. In contrast, hydrogenation of pure lanost-2-ene (see above) (50 mg.) under the 
same conditions gave, without difficulty, lanostane, identified in the same way, in essentially 
quantitative yield (49 mg.). Treatment of crude lanost-2-ene (500 mg.) in ether (5-0 ml.) at 20° 
with bromine (6-7 ml. of a solution of 0-5 ml. of bromine in 50 ml. of glacial acetic acid) overnight 
at room temperature gave, after filtration through alumina in light petroleum, pure lanost-2-ene 
(100 mg.), identified by m. p., mixed m. p., and rotation {[«], +59° (c 0-80)}. Treatment with 
chlorine gave the same result. Ozonolysis of crude lanost-2-ene (600 mg.) in ethyl acetate 
(50 ml.) at —20° for 3 hr. gave, on addition of water and distillation, acetone, isolated as its 
2 : 4-dinitrophenylhydrazone (43 mg.) and identified by m. p. and mixed m. p._ A specimen of 
3-isopropylidene-a-norlanostane prepared for comparative purposes had m. p. 116—117°, [«]p 
+38° (c 2-47). Barton, Ives, and Thomas ?° give m. p. 110—112°, [a], +33°. 

Pure lanost-2-ene was also obtained in the following way. 2«-Bromolanostan-38-yl acetate 
(150 mg.) was refluxed in benzene—methanol (1:1; 30 ml.) with “ AnalaR ”’ zinc dust (500 mg. ; 
added portionwise) for 1 hr. Crystallisation from acetone afforded lanost-2-ene (100 mg.), 
identified by m. p., mixed m. p., and rotation {[«]) +58° (¢ 1-02)}. 

2a : 3u-Epoxylanostane and its Derivatives.—Lanost-2-ene (1-0 g.) in chloroform (26 ml.) was 
kept with excess of perbenzoic acid at 0° for 48 hr. Working up in the usual way and crystallis- 
ation from acetone gave 2« : 3a-epoxylanostane (750 mg.), needles, m. p. 124—125°, [a], +34° 
(c 0-91), max. at 828 cm. (epoxide), no carbonyl absorption (Found: C, 84-2; H, 12-1. 
C3 9H;,0 requires C, 84:0; H, 12-2%). This oxide was also obtained from crude lanost-2-ene 
(see above) in the same way. 

Reduction of the oxide (500 mg.) under reflux in anhydrous tetrahydrofuran (40 ml.) with 
lithium aluminium hydride (500 mg.) gave lanostan-3a-ol, needles (from methylene dichloride— 
methanol), m. p. 163—164°, [«]) +19° (¢ 0-65) (Found: C, 83-3; H, 12-3. C39H,;,O requires 
C, 84-0; H, 12-2%). Treatment with pyridine—acetic anhydride overnight at room temperature 
gave the acetate, platelets (from methylene dichloride—methanol), m. p. 152—153°, [a], —5° 
(c 0-69), max. at 1741 and 1244 cm.“ (acetate) (Found: C, 80-8; H, 11-6. C,,H,;,O, requires 
C, 81:3; H, 11-9%). Oxidation of this alcohol (100 mg.) in benzene—acetic acid (1:3; 40 ml.) 
with Kiliani chromic acid mixture (1-0 ml.) at room temperature for 25 min. afforded lanostan- 
3-one (70 mg.), identified by m. p., mixed m. p., rotation {[a], + 22° (¢ 0-57)}, and reduction with 
sodium borohydride to lanostan-38-ol (m. p. and mixed m. p.). 

1 Barton, Ives, and Thomas, /., 1954, 903. 
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28-Bromolanostan-3a-ol and its Derivatives.—2a : 3x-Epoxylanostane (200 mg.) was treated 
with hydrobromic acid as in the examples given above. Crystallisation of the product from 
acetone—methanol furnished 28-bromolanostan-3a-ol (200 mg.), needles, m. p. 110°, then 131° 
(after resolidification), [«], +77° (c 0-72), + 76° (c 0-79), max. at 3620 and 992 cm.~! (axial OH) 
(Found: C, 70-8; H, 10-4; Br, 15-4. C3;9H;,OBr requires C, 70-7; H, 10-5; Br, 15-7%). 

28-Bromolanostan-3«-ol (100 mg.) was refluxed with N-ethanolic potassium hydroxide 
(10 ml.) for 1 hr., to give 2« : 3x-epoxylanostane, identified by m. p., mixed m. p., and rotation 
{fa] +33° (c 0-47)}. 

28-Bromolanostan-3«-ol (700 mg.) in benzene—acetic acid (1:1; 60 ml.) was oxidised with 
Kiliani chromic acid mixture (6-0 ml.) during 30 min. at room temperature. Working up in the 
usual way gave 28-bromolanostan-3-one (450 mg.), cubes (from ethanol), m. p. 154—155°, [a]p 
-++121° (c 0-66), +128° (c 0-58), Amax. 285 my (log ¢ 1-88) (Found: C, 71-0; H, 9-9; Br, 15-45. 
C39H;,OBr requires C, 71-0; H, 10-1; Br, 15-75%). 

Equilibration of 2a- and 28-Bromolanostan-3-one.—A solution of the bromo-ketone (60— 
80 mg.) in chloroform (10 ml.) was treated with hydrogen bromide in acetic acid (1-0 ml.; d, 1-5) 
in a 2 dm. polarimeter tube. The rotation of the 2«-bromo-ketone did not change at all; that 
of the 28-bromo-ketone dropped to [«], +34° in 90 min. and remained thereafter unchanged. 
In both experiments the product was saown to be 2«-bromolanostan-3-one by m. p. and 
mixed m. p. 

28-Bromolanostan-38-o0l.—28-Bromolanostan-3-one (200 mg.) in benzene—methanol (1:1; 
10 ml.) was reduced with sodium borohydride (60 mg.) at room temperature for 30 min. 
Crystallisation of the product from methylene dichloride—-methanol gave 28-bromolanostan-38-ol 
(200 mg.), needles, m. p. 172—173° (decomp.), [«]) +21° (¢ 1-46), max. at 3550 and 1056 cm. 
(equatorial OH) (Found: C, 70-6; H, 10-5; Br, 15-6. C3, 9H,,OBr requires C, 70-7; H, 10-5; 
Br, 15-7%). Acetylation in the usual way (see above) furnished the derived acetate, platelets 
(from methylene dichloride—methanol), m. p. 177—178°, [a], +66° (c 0-32), max. at 1740 and 
1234 (acetate) (Found: C, 69-7; H, 9-8; Br, 14:9. C,,H,;,O,Br requires C, 69-7; H, 10-0; Br, 
14-5%). . 

28-Bromolanostan-38-ol (100 mg.) was refluxed with N-ethanolic potassium hydroxide 
(10 ml.) for 1 hr. Crystallisation of the product from acetone—methanol furnished lanostan- 
3-one (50 mg.), identified by m. p., mixed m. p., and rotation {[«]) + 24° (¢ 0-47)}. 

2«-Iodolanostan-3-one.—2x-Bromolanostan-3-one (400 mg.) in ‘‘ AnalaR ”’ acetone (10 ml.) 
was refluxed with sodium iodide (4-0 g.) in the same solvent (60 ml.) for 3 hr. The product, 
filtered through alumina in benzene solution and crystallised from acetone—methanol, afforded 
2x-iodolanostan-3-one (300 mg.), needles, m. p. 124—125° (decomp.), [a]p +7° (¢ 1-03), Amax. 
261 muy (log e 2-78), infrared max. at 1717 cm." (ketone) (Found: C, 65-3; H, 8-8; I, 22-6. 
C39H,;,OI1 requires C, 65-0; H, 9-2; I, 23-0%). 

Lanost-1-en-3-one.—2a-Bromolanostan-3-one (800 mg.) in redistilled collidine (7-0 ml.) was 
refluxed for 4 hr. The product, filtered through alumina in light petroleum—benzene (1 : 1) and 
crystallised from acetone—methanol, furnished Janost-1l-en-3-one (150 mg.), blades, m. p. 118— 
119°, [a] +48° (¢ 1-17), Amax. 230 my (log ¢ 3-81) (Found: C, 84-7; H, 11-8. C;,H,;,O requires 
C, 84-4; H, 11-8%). The 2: 4-dinitrophenylhydrazone, prepared in the usual way, formed 
needles (from methylene dichloride—-methanol), m. p. 217—218°, Amax. 384 my (log e« 4-12) 
(Found: C, 71-1; H, 9-1; N, 9-2. C3s,H,;,O,N, requires C, 71-25; H, 9-0; N, 9-2%). 

Rates of Dehydrohalogenation of Halogenohydrins (with Drs. J. C. Banerji and R. C. 
Cooxson).—The following conditions wereemployed. The halogenohydrin (1 mmole) in 350 ml. 
of dioxan—water (50: 16 v/v) was mixed with N-aqueous sodium hydroxide (3-0 ml.) at 25° and 
held at this temperature. Aliquot portions were removed periodically for titration with standard 
acid. The data obtained are summarised in the Table. At the end of the reaction the products 
from the steroid halogenohydrins were worked up in the usual way and characterised (by 
m. p., mixed m. p., and rotation) as follows: 2a-chloro- and 2«-bromo-cholestan-38-ol 
(28 : 38-epoxycholestane), 28-chloro- and 28-bromo-cholestan-3a-o0l (2x : 3x-epoxycholestane), 
2a-chloro- and 3a-bromo-cholestan-28-ol (28 : 38-epoxycholestane). 

We thank Drs. J. C. Banerji and R. C. Cookson for the results indicated and Dr. Cookson for 
helpful discussion. One of us (D. A. L.) is indebted to the Department of Scientific and 
Industrial Research for a Maintenance Allowance. 
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569. Vibrational Frequency Correlations in Heterocyclic Molecules. 
Part III. Carbonyl Frequencies of Certain Compounds Possessing 
Fused Six-membered Rings. 


By D. G. O’SULLIVAN and P. W. SADLER. 


AFTER work on five-membered heterocyclic compounds,? the infrared spectra of several 
six-membered analogues have now been examined. Three main points have been 
investigated: (a) possible tautomeric structures and the associated hydrogen bonds, 
(b) substituent effects in relation to carbonyl frequencies and to the stabilities of these 
heterocyclic rings, and (c) the vibrational coupling of linked carbonyl groups. 


is possible in (I), (II), and (V) [as illustrated by (IIa)], and lactam—lactim isomerism can 
exist in (I), (II), and (IV) [asin (IIb)]. The infrared data in Table 1 indicate that all these 
compounds exist in the fully ketonic form both in chloroform and in the solid state. This 
follows from the presence of NH and CO stretching absorption in the 3500—3000 and 
1800—1650 cm.“! region respectively, and from the absence of absorption referable to the 
OH group.*? Chemical evidence also tends to support the keto-structures. For example, 
the benzomorpholine (II) forms a number of carbonyl derivatives and with methyl] iodide 
at 135° produces a methyl derivative which is insoluble in dilute acids and alkalis. Isatoic 
anhydride (IV) may be compared with the phenylhydrazone of 8-methyl-y-oxoglutaconic 
anhydride (VI). This compound exhibits two carbonyl bands 40 cm.-! apart, together 
with NH stretching and bending frequencies.* Structure (VI) is confirmed by the ultra- 
violet spectrum. Absence of an enolic hydroxy] group at position 6 is further substantiated 
by the failure of this compound to form chelate compounds under a variety of conditions. 








Infrared spectra of tetrahydro-2-oxobenzo-1 : 4-diazine, dihydro-2- and 
-3-oxobenzomorpholine, dihydro-6-oxo-4: 5-benz-1:3-oxazine, isatoic 
anhydride, and related bicyclic compounds indicate that they all possess 
fully ketonic structures. Correlations have been made between ring stability, 
cyclic C-O-C and exocyclic >CO stretching frequencies. Carbonyl fre- 
quencies of the benz-1 : 3-oxazines are linearly related to the o-values of 
substituent groups and some further evidence has been adduced for trans- 
mission through an anilino-group of the effects of substituents in its benzene 
ring. Substituted isatoic anhydrides possess coupled carbonyl frequencies 
which maintain a constant separation of 50 cm.! in spite of asymmetry and 
substitution factors. 
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(a) Structures and Hydrogen Bonding.—In compounds (I)—(V), keto-enol tautomerism 


The existence of hydrogen bonding is demonstrated by the broad band between 3300 


1 Part II, Kellie, O’Sullivan, and Sadler, J., 1956, 3809. 
2 O’Sullivan and Sadler, J., 1956, 2202. 
* Wiley and Jarboe, J. Amer. Chem. Soc., 1955, 77, 403. 
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and 3000 cm.-! present in all but the substituted benz-1 : 3-oxazines (cf. Table 1). 
Generally the N-substituted compounds have lower melting points than the parent sub- 
stances. Thus dihydro-2-oxobenzomorpholine (II), m. p. 173°, may be compared with its 
N-methyl and N-acetyl derivatives, m. p. 59° and 77° respectively. This suggests the 
presence of intermolecular hydrogen bonding as found in isatin.2 Table 2 shows a correl- 
ation between the melting points of substituted benz-1 : 3-oxazines (III) and the dimen- 
sions of the substituent groups. A similar variation has been observed with indigoid 
dyes and has been explained on the basis of intermolecular hydrogen bonding. X-Ray 


TABLE 1. Frequencies (cm.-1) for the basic ring structures. 


Compound (I) (IT) (III; R = Me) (IV) (V) 
WME cidicchananshithoces 137° 173° 260° 240° 232° 
EY sclitithiecisdlicinnsishe - nest 3470s —e oo 
JINCED oo 3360m a 29%ur 3405w 
v(N-H**-O)® wees sooo 3130m 3270w sith 
OR re ee 1665 1705 1715 oe 1760 

735 
SOIT scsnittsasttniiiatiniati 1685 1695 1715 te 1775 
: P 1222s 1298s 1260m 1208s 
V(C-O-C) © eeeeeeeseeeeeee _— tee fn tia — 
Ring stability decreases > 








* Frequencies in KBr discs. % Frequencies in CHCl,. s = strong, m = medium, w = weak. 


studies have proved the existence of intermolecular association in indigo itself.5 Now the 
NH frequencies of the benz-1 : 3-oxazines (Table 2) show that this group is not involved 
in strong intermolecular hydrogen bonding. The magnitudes of all the quoted substituents, 
except perhaps chlorine, are enough to preclude such strong associations. However, the 
correlation of group size with melting point suggests that weak dipolar association may 
occur, being very weak when the substituent is large. The two groups that can form 
intramolecular hydrogen bonds produce a slight drop in NH frequency (Table 2). 

(b) Structural and Substituent Effects on Frequencies.—A carbonyl group causes an 


TABLE 2. Effect of size of substituent R on association in dihydro-6- 
oxo-4 : 5-benz-1 : 3-oxazines (III). 


Subst. R Cl Me NO, Br I CF; 
BE. Pe ccccesescnccececscoes 276° 260° 185° 178° 164° 108° 
Group length® ......... 3-49 3-54 2-77—4-06 ® 3-83 4-15 2-46—4-29° 
OGRMEE” | snasdistnccsax sees 3470s 3470s 3400s 3480s 3480s 3400s 


* Distance (A) from the centre of the adjacent ring-carbon atom to the external point of the group, 
measured in the direction of the C-R axis. Data quoted by Allen and Sutton * and by Pauling * have 
been used in obtaining the listed values. 

>’ Group lengths are not easy to assess in these cases, but lower and upper bounds are quoted, 
being obtained respectively by vectorial and arithmetical addition of the appropriate dimensional 
data. Intramolecular hydrogen bonding is present in both cases. * Data from KBr discs. 


absorption maximum about 30 cm.! higher in a five-membered than in an analogous 
six-membered ring structure.* This generalisation is supported by the present results. 
Thus oxindole (1708, 1725 cm.) may be compared with the amides (I) and (II), phthalide 
(1750 cm.-4) with the lactone (III), and phthalic anhydride (1775, 1789, 1854 cm.) with 


4 Holt and Sadler, ‘“‘ Recent Advances in the Chemistry of Colouring Matters,’’ Chem. Soc. Special 
Publ., 1956, No. 4, p. 42; Holt, J. Histochem. Cytochem., 1956, 4, 548; Weinstein and Wyman, J. Amer. 
Chem. Soc., 1956, 78, 2387. 

5 von Eller, Compt. rend., 1954, 239, 975; Bull. Soc. chim. France, 1955, 22, 1433; Gribova, 
Zhdanov, and Gol’der, Kristallografiya, 1956, 1, 53. 

* Allen and Sutton, Acta Cryst., 1950, 3, 46; Pauling, ‘‘ The Nature of the Chemical Bond,’’ Oxford 
Univ. Press, 1940. 

7 Bladon, Fabian, Henbest, Koch, and Wood, J., 1951, 2402; Coulson and Moffit, Phil. Mag., 1949, 
40, 1; Férster, Z. phys. Chem., 1939, 43, B, 58. 
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the anhydride (IV). The wide range of carbonyl frequencies arises from the presence of 
different carbonyl-containing groups in the rings. The maxima lie in the expected regions 
for amides, conjugated esters, cyclic anhydrides, and phenyl esters respectively. High 
frequencies occur when one of the bonds linking the carbonyl group to the rest of the 
molecule is weak, i.e., in the compounds (I)—(V), the higher the carbonyl frequency, the 
more reactive the heterocyclic ring. For example, most y- and 3-amino-acids must be 
fused or submitted to other dehydration conditions in order to produce lactams, but 
o-aminophenylglycine * and o-aminophenoxyacetic acid * form their lactams (I) and (II) 
so readily that the free amino-acids have never been isolated. Ring-closure to produce 
structure (III) is fairly easily effected, this being dependent on the substituent R,!° but 
o-hydroxyphenylglycine 14 will only produce structure (V) at temperatures above 100°. 
Stability of the rings should also be reflected in the asymmetric- and symmetric-type 
stretching frequencies of the cyclic C-O-C group in compounds (III), (IV), and (V). This 
is supported by the data in Table 1, increase in ring reactivity being paralleled by an 
increase in CO and a decrease in both C-O-C frequencies. The effect of substituents in 
the benzene ring on the stability of the heterocyclic ring is demonstrated in Table 4 where 
again increase in CO frequency occurs with decreases in both C-O-C frequencies. In substi- 
tuted isatoic anhydrides, the region between 1300 and 830 cm." contains very few peaks 
and the only two that are invariably present are an extremely intense peak near 1025 cm. 
and a medium-to-strong absorption near 1250 cm.-!. Therefore these may be assigned 
as C-O-C bands with reasonable certainty. All the quoted C-O-C frequencies are strong 
peaks which are absent from the diazine (I). 

Compounds (I), (II), (III), and (V) each contain one carbonyl group producing a single 
carbonyl stretching frequency. Thus effects which cause some cyclic carbonyl compounds, 
e.g., cyclopentanone,” unsaturated y-lactones,™ and oxindole ? to exhibit two maxima in 
this region are not operative in these six-membered ring systems. Substituent effects 
have only been investigated for structures (III) and (IV). Carbonyl frequencies of the 
benz-1 : 3-oxazines (III) are listed with the o-values of substituents in Table 3. The two 
properties are correlated excellently. The equation of the regression line for v is 
v = 1716 + 21-656 and the correlation coefficient (r) has the value 0-988. It must be 
borne in mind, however, that only meta-substituents have been studied. 


TABLE 3. «-Values and CO stretching frequencies for substituted dihydro- 
6-oxo-4 : 5-benz-1 : 3-oxazines (III). 


R Me I Cl CF, NO, 
oe Cee ee eT —0-069 0-352 0-373 0-415 0-710 
RAT EAIREREAA AIR 1715 1722 1723 1725 1732 


* Determined in CHC]. 


(c) Vibrational Coupling of the Carbonyl Groups in Isatoic Anhydrides (IV).—In small 
molecules, coupling frequently occurs between suitably related vibrations of the same 
frequency causing a band to split into two components, one above and the other below the 
common frequency. The CO stretching vibrations in some dicarbonyl compounds exhibit 
this effect. Thus symmetrical acid peroxides, investigated by Davison in the infrared 
and by Kohlrausch, Pongratz, and Seka in the Raman spectrum,!® show two peaks about 
30 cm.! apart. Greater proximity of the two carbonyl groups in symmetrical acid 


® Pléchl, Ber., 1886, 19, 6. 

* Thate, J. prakt. Chem., 1884, 29, 145. 

‘© Sadler and Warren, J. Amer. Chem. Soc., 1956, '78, 1251. 

‘! Vater, J. prakt. Chem., 1884, 29, 290. 

‘2 Biquard, Bull. Soc. chim. France, 1940, 7, 894; 1941, 8, 55, 725. 

8 Dobriner, Katzenellenbogen, and Jones, “‘ Infrared Absorption Spectra of Steroids, An Atlas,” 
Interscience Publ. Co., London, 1953, Chart No. 290. 

14 Davison, J., 1951, 2456. 
18 Kohlrausch, Pongratz, and Seka, Ber., 1933, 66, 1. 
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anhydrides usually results in stronger coupling, between 80 and 40 cm.~! separating the 
two maxima.1¢ 

This interaction between CO vibrations of in-phase and out-of-phase modes also occurs 
in substituted isatoic anhydrides. The two very sharp peaks, of approximately equal 
intensity, are separated by about 50 cm.-}, substituents in the benzene ring having little 
effect on this difference (Table 4). The coupling phenomenon is obscured in some cases 
with spectra for potassium bromide discs, the intensities being modified and the bands 
broadened by hydrogen bonding. 

In substituted isatins +? it is possible to correlate carbonyl frequencies with o-values 
with reference to both the $- and the «-carbonyl group. In the latter case, the effects 
are transmitted from the benzene ring to the carbonyl group through the NH group as in 
substituted oxindoles,' acetanilides,!” and hydroxyiminoacetanilides.!?7_ The correlations 
observed with isatins are possible only because vibrational interactions between the 
carbonyl groups are absent. This is in accordance with the behaviour of other «-diketones ; 
thus diacetyl and benzil both possess a single carbonyl maximum at 1718 and 1681 cm.-! 
respectively, 7.¢., in the regions characteristic of monoketonic compounds of related struc- 
ture.’® As the introduction of an oxygen atom between the two carbonyl groups results 
in intense vibrational interaction, a simple correlation between s-values and frequencies 
is not to be expected with isatoic anhydrides. 

A substituent in either the 6- or the 7-position possesses two o-values, o, being in virtue 
of its location with respect to the carbonyl group at position 4 and o, arising from the 
substituent’s position in relation to the NH group."17 The data in Table 4 show that 
carbonyl frequencies and s-values increase roughly together. However, in spite of the 
presence of some degree of correspondence, no linear relation exist between frequencies 
and o-values. Earlier work 1’ indicated that a substituent in the benzene ring exerts the 
same effect on the carbonyl frequencies of Ph-COR and Ph:NH-COR molecules. If this 


TABLE 4. o-Values and CO and C-O-C stretching frequencies of substituted isatoic 
anhydrides (IV). 


Subst. M. p. o; O va(CO) * vg (CO) ¢ Av o v v(C-O-C) ® 
S-Me  .cc0e 219° — —0-069 1780 1735 45 — 1758 — — 
F-M@ occcee 228 —0-170 —0-069 1783 1733 50 —0-120 1758 1278 1035 
None ...... 240 0-0 0-0 1785 1735 50 0-0 1760 1260 1020 
8-Me ...... 277 — 0-069 — 1788 1738 50 — 1763 — — 
Ge ccccceces 260 * 0-337 0-062 1788 1738 50 0-200 1763 _— —_ 
SOE cvescccss 241 0-062 0-337 +1789 1737 52 0-200 1763 — — 
: oe ee 260 0-227 0-373 1788 1741 47 0-300 3861765 — — 
BeBe csccccese 310 — 0-391 1788 1742 46 — 1765 — — 
FEE sccccesee 256 0-232 0-391 1788 1741 47 0-312 1765 1250 1027 
Fak wcascuses 272 0-276 0-352 1788 1739 49 0-314 1764 1250 1025 
Bk ccdscsnes 208 0-352 —_— 1793 1743 50 — 1768 — — 
on ee 232 0-373 —_— 1796 1748 48 — 1772 — — 
G-CFy  cccces 239 — 0-415 1798 1753 45 —_— 1776 1220 1030 


* Data from CHCl, solutions. * Data from KBr discs. 
Peaks listed are of strong or medium intensity. 


applies to isatoic anhydrides, then carbonyl frequencies should be more closely related to 
the average substituent constant ¢ than to either o, or o, individually. The two character- 
istic frequencies of the carbonyl group must be close together in order that coupling should 
occur and, as the separation of the coupled frequencies is both wide and constant throughout 
the series, it is reasonable to consider the mean frequency v as representative of the carbonyl 


16 Thompson, /., 1948, 328; Cooke, Chem. and Ind., 1955, 142. 
17 O’Sullivan and Sadler, J. Org. Chem., 1956, 21, 1179. 
18 Jones, Humphries, and Dobriner, J. Amer. Chem. Soc., 1950, 72, 956. 
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frequencies of the CO-O-CO group. This mean frequency will be close to the individual 
fundamentals. Comparison of v and o values, where the latter are available, shows that 
linear dependence exists, the best straight line for v being v = 1760 + 15-38c. The 
existence of this linear relation, with the high correlation coefficient of 0-990, strongly 
supports the premises that have been outlined. 

Isatoic anhydrides in chloroform possess carbonyl bands having approximately equal 
intensities, whereas considerable differences in intensities usually exist between the pairs 
of bands with anhydrides, peroxides, and phthalimides. Studies of infrared and Raman 
intensity are desirable for fuller elucidation of coupling phenomena in complex molecules. 


EXPERIMENTAL 


Spectra Compounds in chloroform were examined with a Perkin-Elmer 21 double-beam 
recording spectrophotometer. Potassium bromide disc spectra were obtained by using a Baird 
Associates double-beam recording instrument. Both spectrometers were fitted with rock- 
salt prisms. 

Materials.—M. p.s are in Tables 1—4. Tetrahydro-2-oxobenzo-1 : 4-diazine (I) was pre- 
pared from o-phenylenediamine by Holley and Holley’s method.!® Dihydro-2-oxobenzo- 
morpholine (II) was obtained from o-nitrophenoxyacetic acid.'*?° These products were 
purified by crystallisation from water and aqueous ethanol respectively. 

1’-Substituted dihydro-6-oxo-4 : 5-benz-1 : 3-oxazines (III) were obtained from the corre- 
sponding anthranilic acids by Villiger’s method.*4__All crystallised in white needles from aqueous 
methanol, as follows: chloro- (Found: C, 52-3; H, 3-3. C,H,O,NCl requires C, 52-4: H, 
3-1%), methyl (Found : C, 66-2; H, 5-5. C,H,O,N requires C, 66-4; H, 5-4%), iodo- (Found : 
C, 34:9; H, 2-2. C,H,O,NI requires C, 35-0; H, 2-5%), trifluoromethyl (Found: C, 49-8; 
H, 2-8. C,H,O,NF; requires C, 50-2; H, 3-2%), and the nitro-compound (Found: C, 49-8; 
H, 3-1. C,H,O,N, requires C, 50-0; H, 3-1%). 

Substituted isatoic anhydrides (IV) were obtained as white plates by the oxidation of the 
corresponding isatins * with chromic acid in acetic acid.22, Dihydro-3-oxobenzomorpholine (V) 
was prepared by Vater’s method 1! from o-hydroxyphenylglycine. 


The authors thank Professor Sir Charles Dodds, M.V.O., F.R.S., for the provision of 
facilities, and Dr. A. E. Kellie and Messrs. S. Sadtler Inc. for infrared data. 
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18 Holley and Holley, J. Amer. Chem. Soc., 1952, 74, 3071. 

2® Minton and Stephen, /J., 1922, 121, 1591. 

21 Villiger, Ber., 1909, 42, 3529. 

2 Kolbe, J. prakt. Chem., 1884, 30, 84; Binz and Heuter, Ber., 1915, 48, 1038; Majime and Kotake, 
Ber., 1930, 63, 2237; Panatovic, J. prakt. Chem., 1886, 38, 58; Rupe and Kersten, Helv. Chim. Acta, 
1926, 9, 578; Baker, Schaub, Joseph, McEvoy, and Williams, J]. Org. Chem., 1952, 17, 164. 
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570. The Hydrolysis of y-Cyano-y-phenylpimelodinitrile. 
By J. McDonatp Bair and D. H. Hey. 


The product obtained on the partial hydrolysis of y-cyano-y-phenyl- 
pimelodinitrile is shown to be «-2-carboxyethyl-«-phenylglutarimide and 
not y-cyano-y-phenylpimelic acid. Treatment of the imide with aqueous 
alkali gives y-carbamoyl-y-phenylpimelic acid, which, by the action of 
bromine and sodium methoxide, is converted into a methyl carbamate. 
Acid hydrolysis of the carbamate gives y-2-carboxyethyl-y-phenylbutyro- 
lactone, the constitution of which is established by independent synthesis. 
Prolonged alkaline hydrolysis of the carbamate gives y-2-carboxyethyl-y- 
phenylbutyrolactam, which with nitrous acid is converted into the corre- 
sponding lactone. Short alkaline hydrolysis of y-cyano-y-phenylpimelodi- 
nitrile gives a diamide-monocarboxylic acid, which on melting appears to 
give a 1: 8-naphthyridine. 


Ir was reported by Hey and Nagdy ! that hydrolysis of y-cyano-y-phenylpimelodinitrile 
(I) and of its m- and #-methoxy-derivatives with boiling aqueous-alcoholic potassium 
hydroxide for seven hours, followed by treatment with hydrochloric acid, gave y-cyano- 
y-phenylpimelic acid (II), m. p. 168—170°, and its m- and #-methoxy-derivatives re- 
spectively. It was further reported that the three y-cyano-y-phenylpimelic acids under- 
went cyclodehydration in the presence of polyphosphoric acid at 100° to give $-(1-cyano- 
1 : 2:3: 4-tetrahydro-4-oxo-l-naphthyl)propionic acid (III), m. p. 200°, and its 7- and 
6-methoxy-derivatives, respectively. 


Hy-CH,-CO,H NC, _.CH2+CH3+CO,H 
Ph-C-CN —> 
CH,CH,CO,H 
CH,-CH,°CN i ™ 
yd re) 
Ph:C-CN 
CHy:CH,-CN 4 
(1) PeaTen,,. e 
Ph-C——CO” ced 
CH,-CH,-CO,H 
(IV) (V) . 


Almost simultaneously, Campbell * reported that acid hydrolysis of y-cyano-y-phenyl- 
pimelodinitrile gave «-2-carboxyethyl-x-phenylglutarimide (IV), m. p. 165°, which on 
cyclodehydration with sulphuric acid gave 1: 2:3: 4-tetrahydro-4-oxonaphthalene-1- 
spiro-a-glutarimide (V), m. p. 198°. The cyclic imides (IV) and (V) are isomeric with the 
nitriles (II) and (III) respectively, and the close agreement between the melting points, 
and between the melting points of the semicarbazones and 2 : 4-dinitrophenylhydrazones 
of the cyclodehydration products, suggested that the compounds in the two series might 
be identical. The nitrile formulation was preferred by Hey and Nagdy because it was 
considered that the relatively hindered tertiary nitrile group would be comparatively 
resistant to hydrolysis. The cyclic imide formulation was preferred by Campbell because 
he found that his acid (IV) was monobasic, while his cyclised product (V) was neutral but 
soluble in strong alkali. 


1 Hey and Nagdy, /., 1954, 1204. 
2? Campbell, J., 1954, 1377. 
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Rubin and Wishinsky* had earlier reported that hydrolysis with alkali, or acid 
hydrolysis for less than 20 hours, converted y-cyano-y-phenylpimelodinitrile into y-carb- 
amoyl-y-phenylpimelic acid (VI). In addition, Horning and Shock * prepared y-cyano- 
y-(2 : 3-dimethoxyphenyl)pimelic acid from the corresponding trinitrile by a two-stage 
hydrolysis, having found that direct alkaline hydrolysis failed to give the desired product. 
The trinitrile was converted with methanol and hydrogen chloride into a dimethyl ester, 
which on hydrolysis with aqueous alkali yielded the monocyano-dicarboxylic acid. 
Prolonged hydrolysis of y-cyano-y-phenylpimelodinitrile with either acid or alkali gave 
y-carboxy-y-phenyipimelic acid.” 

Mariella, Clutter, and Ebner ® hydrolysed yy-dicyanopimelodinitrile, y-carbamoyl-y- 
cyanopimelodinitrile, yy-dicarbamoylpimelodinitrile, and +y-carboxy~y-cyanopimelodi- 
nitrile, among other compounds, by refluxing them for 15 minutes with concentrated 
hydrochloric acid. The first three compounds gave sfiro-xa’-diglutarimide (VII), and the 
last gave «-2-carboxyethylglutarimide (VIII), from which it was suggested that a diamide 
is a necessary precursor to imide formation. 


CH: CH, P CO>,H 
\e) ° oO 
N N—« H 


N 
H O O H (VII) H Oo (VIII) 


A repetition of the hydrolysis of y-cyano-y-phenylpimelodinitrile as described by 
Campbell,? using 65% sulphuric acid under reflux, gave only a dark viscous oil, but by 
limiting the temperature to 95—100° a clean product of m. p. 167—169° was obtained in 
81% yield. A mixed melting point with the product of m. p. 168—169° prepared by Hey 
and Nagdy’s method showed no depression, and both compounds were monobasic. The 
infrared spectra of the two compounds were identical, and showed the absence of the 
nitrile group. It is therefore concluded that both compounds are a-2-carboxyethyl-a- 
phenylglutarimide (IV). The infrared spectra of the corresponding compounds obtained 
by the hydrolysis of the m- and /-methoxy-derivatives of y-cyano-y-phenylpimelodinitrile, 
and of the three cyclodehydration products, also showed the absence of the nitrile group. 
The latter must also therefore be represented by the imide structures. 

The imide ring of «-2-carboxyethyl-«-phenylglutarimide (IV) was opened by alkali, to 
give y-carbamoyl-y-phenylpimelic acid (VI), m. p. 177—178°, which at 179° was converted 
back into the cyclic imide. This acid had been prepared previously by Rubin and Wishin- 
sky, who reported m. p. 182—183°. Treatment of the monoamide-dicarboxylic acid 
(VI) with concentrated hydrochloric acid also regenerates «-2-carboxyethyl-«-phenyl- 
glutarimide (IV), showing that a diamide is not an essential precursor to imide formation, 
as Mariella, Clutter, and Ebner suggested it was.5 The location of the carbamoyl group 
at the y-carbon atom was demonstrated by partial degradation and synthesis. 

The action of bromine in the presence of sodium methoxide on y-carbamoyl-y-phenyl- 
pimelic acid (VI) gave the methyl carbamate (IX), acid hydrolysis of which gave y-2- 
carboxyethyl-y-phenylbutyrolactone (X). The lactone ring of this compound was opened 
with alkali to give the hydroxy-acid, which was stable to alkaline permanganate, con- 
firming the tertiary nature of the hydroxyl group. The identity of the lactone (X) was 
confirmed by its synthesis from phenylmagnesium bromide and diethyl y-oxopimelate 
(XI). Prolonged hydrolysis of the methyl carbamate (IX) with alkali followed by acidific- 
ation gave y-2-carboxyethyl-y-phenyl-y-butyrolactam (XII), which was stable to acid 
hydrolysis, proving that acid hydrolysis of the methyl carbamate does not proceed through 
the lactam. Nitrous acid converted the lactam into the lactone (X). 

During the alkaline hydrolysis of y-cyano-y-phenylpimelodinitrile under Hey and 

* Rubin and Wishinsky, J. Amer. Chem. Soc., 1946, 68, 828. 


* Horning and Shock, ibid., 1948, 70, 2945. 
* Mariella, Clutter, and Ebner, J. Org. Chem., 1955, 20, 1702. 
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Nagdy’s conditions, it was observed that evolution of ammonia was practically complete 
within 30 minutes, and that if the reaction was arrested at this stage, the product was a 
diamide-monocarboxylic acid, for which two structures, (XIII) and (XIV), are possible. 
The same diamide-monocarboxylic acid was also isolated after 7 hours’ alkaline hydrolysis 
when the cold reaction mixture was made just acid. The precipitated diamide-mono- 
carboxylic acid dissolved in excess of acid, and subsequent evaporation left «-2-carboxy- 
ethyl-x-phenylglutarimide (IV). Attempts to effect alkaline hydrolysis under milder 


CH,-CH,CO,H CH,-CH,-CO,H 
(1) —» (IV) ==> ~sPh'C-CO-NH, —» Ph-C-NH-CO,Me 
(VI) CH,-CH,-CO,H (IX) CH,-CH,-CO,H 
pucncem puouey CHeCHPO 
CO + Ph-MgBr — Ph:C-————O o—— Ph:C-—— - NH 
CH,-CH,CO.Et (XI) CH,°CH,°CO,H (X) (XII) CHyCH,-CO,H 
CH,°CH,-CO-NH, PACH COMM, H,-CH,-CO , 
Ph-C-CO,H rep coemt, Ph-C-CO—NH mo P 
CH,-CH,-CO-NH, CH,-CH,-CO,H CH,-CH,°CN N* “N 
(XIII) (XIV) (XV) (XVI) 


conditions gave only mixtures. The diamide-monocarboxylic acid loses two molecular 
proportions of water on melting. Loss of the first molecule of water must give a glutar- 
imide structure, but loss of the second molecule of water can give either the nitrile-imide 
(XV), or more probably the 1 : 8-naphthyridine (XVI). The infrared absorption spectrum 
of the product shows that the nitrile group is absent, but that bands associated with 
:-NH, C=O, and cyclic -C=N- are present. The naphthyridine structure is therefore 
preferred. The sequence of reactions used to establish the structure of the monoamide- 
dicarboxylic acid was also applied to the diamide-monocarboxylic acid, but the Hofmann 
degradation gave an oil, which solidified but resisted purification. 


EXPERIMENTAL 
Hydrolysis of y-Cyano-y-phenylpimelodinitrile by Hey and Nagdy’s Method.—A mixture of 
y-cyano-y-phenylpimelodinitrile (6 g.), potassium hydroxide (6 g.), ethanol (15 c.c.), and water 
(15 c.c.) was boiled under reflux for 7 hr. Ammonia was rapidly evolved during the first 30 
min. After removal of the ethanol by distillation, water (100 c.c.) and concentrated hydro- 
chloric acid (200 c.c.) were added and the solution evaporated almost to dryness. On addition 
of water (50 c.c.) an oil separated, which solidified. Recrystallisation from water gave «-2- 
carboxyethyl-«-phenylglutarimide (4-3 g.), m. p. 168—169°. Titration with alkali gave an 
equivalent of 264. «-2-Carboxyethyl-«-phenylglutarimide requires an equivalent of 261. 
Hydrolysis of y-Cyano-y-phenylpimelodinitrile by Campbell’s Method.—When a mixture of 
y-cyano-y-phenylpimelodinitrile (9 g.), concentrated sulphuric acid (30 c.c.), and water (30 c.c.) 
was boiled under reflux for 6 hr., the solution became very dark and a black viscous oil separated 
when the mixture was added to crushed ice. No pure product could be isolated. When a 
similar mixture was heated on a steam-bath for 6 hr., and then added to crushed ice, a colourless 
crystalline product was obtained. Recrystallisation from water gave y-2-carboxyethyl-a- 
phenylglutarimide (8-4 g.), m. p. 167—169°. Titration with alkali gave an equivalent of 258. 
A mixed m. p. with the product obtained by Hey and Nagdy’s method showed no depression. 
y-Carbamoyl-y-phenylpimelic Acid.—a«-2-Carboxyethyl-a-phenylglutarimide (12 g.) was 
dissolved in an excess of 2N-aqueous sodium hydroxide, warmed slightly, and left for several 
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days. Acidification deposited a crystalline solid which was filtered off, washed with cold water, 
and dried, to give y-carbamoyl-y-phenylpimelic acid (11-2 g.), m. p. 171—173°. Several 
recrystallisations from water gave needles, m. p. 177—178°, decomp. 179° (Found: C, 60-2; 
H, 6-45; N, 4-6. Calc. for C,,H,,O;N: C, 60-2; H, 6-1; N, 50%). Titration with alkali 
gave an equivalent of 136; y-carbamoyl-~y-phenylpimelic acid requires an equivalent of 139. 
Rubin and Wishinsky * reported m. p. 182—183° for this compound. A portion of the mono- 
amide-dicarboxylic acid (0-52 g.) was melted in a test-tube, and kept molten until decomposition 
was complete. Water condensed in the upper part of the tube. The product was dissolved in 
boiling water and, on cooling, crystals separated. These were filtered off and recrystallised 
from water to give «-2-carboxyethyl-«-phenylglutarimide (0-32 g.), m. p. 165—168°. A mixed 
m. p. with an authentic sample of the imide showed no depression. A second portion of the 
monoamide-dicarboxylic acid (1 g.) was boiled under reflux for 3 hr. with concentrated hydro- 
chloric acid (10 c.c.). After 1 hr., crystals began to separate. The mixture was cooled and 
diluted a little, and the product was filtered off and dried at 100°. «-2-Carboxyethyl-«-phenyl- 
glutarimide (0-8 g.), m. p. 168—170°, was obtained. A mixed m. p. with the starting material 
was depressed. A mixed m. p. with an authentic sample of the imide was undepressed. 

Degradation of y-Carbamoyl-y-phenylpimelic Acid (cf. Wallis and Lane *).—The monoamide 
dicarboxylic acid (5 g.) was dissolved in a solution of sodium (1-7 g.) in anhydrous methanol 
(50 c.c.), and the whole cooled in ice. Bromine (3 g.) was slowly added with stirring, after 
which the mixture was heated on the steam-bath for 15 min. When cold, acetic acid was added 
until the mixture was just acid. Most of the methanol was distilled off, and water (30 c.c.) was 
added, followed by concentrated hydrochloric acid until precipitation was complete. y-Methoxy- 
carbonylamino-y-phenylpimelic acid (4-5 g.) separated from water in needles, m. p. 192—193° 
(Found: C, 58-1; H, 6-15; N, 4:7%; equiv., 154. C,,;H,,O,N requires C, 58-2; H, 6-15; 
N, 4:5; equiv., 154-5). 

Hydrolysis of tne methyl carbamate (5 g.) under reflux for 18 hr. with potassium hydroxide 
(4 g.) in water (30 c.c.) gave, on neutralisation to Congo-red and cooling to 0°, y-2-carboxy- 
ethyl-y-phenyl-y-butyrolactam (2 g.), which crystallised from water in plates, m. p. 169—171° 
(Found: C, 67-15; H, 6-6; N, 64%; equiv., 233. C,,;H,,O;N requires C, 66-95; H, 6-4; 
N, 60%; equiv., 233). 

After a similar hydrolysis of the methyl carbamate (4 g.), the mixture was cooled to 0°, then 
acidified to Congo-red, and a solution of sodium nitrite (2 g.) in concentrated hydrochloric acid 
(3 c.c.) and water (10 c.c.), cooled to 0°, was immediately added. The blue colour of the nitrous 
acid disappeared. The solution was left at room temperature overnight, then warmed and 
then cooled; crystals of +-2-carboxyethyl-y-phenyl-y-butyrolactone (ca. 1 g.) separated. 
Recrystallisation from water gave plates, m. p. 118—119° (Found: C, 66-3; H, 6-0%; equiv., 
235. C,3H,,O, requires C, 66-6; H, 6-:0%; equiv., 234). 

Hydrolysis of the methyl carbamate (1 g.) by boiling concentrated hydrochloric acid (5 c.c.) 
and water (5 c.c.) for 2 hr. gave, after dilution, an oil which solidified. Recrystallisation from 
water gave y-2-carboxyethyl-y-phenyl-y-butyrolactone (0-7 g.) in plates, m. p. 118—119°. 
A mixed m. p. with the previous specimen was undepressed. 

y-2-Carboxyethyl-y-phenyl-y-butyrolactam was recovered practically unchanged after 16 
hours’ refluxing with concentrated hydrochloric acid. The m. p. had dropped to 164—166°, 
but a mixed m. p. with the starting material was 170—171°. 

The lactone-acid (1 g.) was heated on the steam-bath with potassium hydroxide (1-3 g.) 
in water (20 c.c.) for 16 hr., by which time it was assumed that hydrolysis would be practically 
complete. After cooling, the silica was precipitated with carbon dioxide and filtered off. 
Water (20 c.c.) and potassium permanganate (2-2 g.) were added, and the mixture was heated 
on the steam-bath until the colour was discharged. The precipitated manganese dioxide was 
filtered off and washed with water. The combined filtrate and washings were acidified with 
concentrated hydrochloric acid. Unchanged y-2-carboxyethyl- »phenylbutyrolactone (0-5 g.) 
separated, having m. p. and mixed m. p. 117—118°. 

Synthesis of y-2-Carboxyethyl-y-phenyl-y-butyrolactone—Hydrogen chloride was bubbled 
into a solution of furfurylacrylic acid (23 g.), prepared by Johnson’s method,’ in a mixture of 
ethanol (77 c.c.) and water (3 c.c.) until it was saturated. After being boiled on the steam-bath 
for 20 min., the solution was cooled and re-saturated with hydrogen chloride. The solution 


* Wallis and Lane, “‘ Organic Reactions,’’ Vol. III, p. 283. 
7 Johnson, Org. Synth., 20, 55. 
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was then evaporated on the steam-bath as far as possible, and the residue shaken successively 
with sodium hydrogen carbonate solution and water, and finally distilled under a vacuum. 
Diethyl y-oxopimelate (27 g.) (cf. Marckwald *) was collected in the fraction, b. p. 175—185°/17 
mm. A small portion was redistilled, and collected at 176—180°/14 mm. (Found: C, 57-5; 
H, 8-0. C,,H,,0; requires C, 57-4; H, 7-8%). A Grignard solution, prepared from bromo 
benzene (14 g.) and magnesium (2-2 g.) in a mixture of ether (22 c.c.) and benzene (22 c.c.), was 
added dropwise during 1 hr. to a stirred solution of the crude diethyl :y-oxopimelate (20 g.) in 
benzene (80 c.c.) cooled in a freezing mixture. After 1 hr. at room temperature the mixture 
was decomposed with ice and dilute sulphuric acid. The layers were separated. The aqueous 
layer was washed with benzene, and the washings were added to the organic portion. The 
solvents were removed by distillation, and the residue was boiled under reflux with 60 c.c. of 
aqueous-alcoholic (1: 1) sodium hydroxide solution (containing 10 g.) for 15 hr. Water and 
benzene were added and the layers separated. The aqueous layer was evaporated to about 
100 c.c. Charcoal was added and the solution was boiled, cooled, and filtered. On acidification 
of the filtrate with concentrated hydrochloric acid, an oil separated which crystallised. It was 
filtered off and dissolved in boiling benzene, and the solution was boiled with charcoal, filtered 
hot, and cooled. The product was precipitated with light petroleum (b. p. 60—80°). After 
two further recrystallisations from water and benzene-light petroleum, y-2-carboxyethyl-y- 
phenylbutyrolactone (3 g.) was obtained, having m. p. 118—119°. A mixed melting point 
with a specimen of the acid hydrolysis product of the methyl carbamate was 118—120°. The 
infrared spectra of the two specimens were identical. 

Short Alkaline Hydrolysis of y-Cyano-y-phenylpimelodinitrile——A mixture of y-cyano-y- 
phenylpimelodinitrile (6 g.) and potassium hydroxide (4 g.) in ethanol (15 c.c.) and water 
(15 c.c.) was boiled under reflux for 35 min. The alcohol was removed under reduced pressure, 
and concentrated hydrochloric acid was added to the residual solution until Congo-red paper 
was just not turned blue. The crystalline product was collected, washed with cold water, and 
dried (5-1 g.; m. p. 191—196° with decomp.). After several recrystallisations from water, the 
diamide-monocarboxylic acid was obtained in needles, m. p. 204—206° (decomp.) [Found, (a) 
after drying im vacuo over concentrated sulphuric acid at room temperature: C, 57-7; H, 6-5; 
N, 9-9. CygH,,0,N.,2H,O requires C, 57-6; H, 6-7; N, 9-6. (6) After drying in vacuo over 
P,O,; at 75°; C, 59-5; H, 6-7; N, 10-0. C,,H,,0,N,,H,O requires C, 59-5; H, 6-55; N, 9-9%]. 
Difficulty was found in drying specimens for analysis without decomposition. Titration of sample 
(b) with alkali gave an equivalent of 276-5. The diamide-monocarboxylic acid requires an 
equivalent of 278. When the diamide-monocarboxylic acid was heated at 200° until gas evolution 
ceased, a loss in weight of 12-4% wasrecorded. This corresponds very nearly to 2 mols. of water ; 
a little ammonia was also evolved. When cold, the mixture set to a yellow resin, which was 
dissolved in boiling ethanol. After filtration and cooling, a crystalline product was obtained in 
80% yield which crystallised from ethanol-ether in cubes, m. p. 201—203° (Found: C, 69-6; H, 
6-15; N, 11-5. C,4H,,0,N, requires C, 69-5; H, 5°8; N, 11-6%). Titration with alkali, which 
was slow, gave an equivalent of 252. The naphthyridine structure, with allowance for opening 
of the imide ring, requires 242. A solution of the diamide-monocarboxylic acid (5 g.) in 2Nn- 
sodium hydroxide (35 c.c.) was slowly added to a stirred solution of bromine (6 g.) in 2N-sodium 
hydroxide (45 c.c.), cooled in freezing mixture. The temperature was kept below 0°. A gas 
was slowly evolved and stirring was continued for a further 30 min. The mixture was then 
heated on the steam-bath for about 30 min., cooled, acidified with concentrated hydrochloric 
acid, and extracted with ether. The ether was removed and the residue was dissolved in 
saturated sodium hydrogen carbonate solution. This solution was washed with ether, warmed 
with charcoal, filtered, acidified with concentrated hydrochloric acid, and extracted with ether. 
On evaporation of the ether and drying in a desiccator, an oil was left which crystallised and 
had m. p. 144—146° (y-carboxy-y-phenylpimelic acid melts at 154°) (Found: C, 58-0; H, 5-6; 
equiv., 107. Calc. for C,,H,,O,: C, 60-0; H, 5-7%; equiv., 93). 


The authors thank Dr. A. D. Campbell for communicating his results on the hydrolysis of 
y-cyano-y-phenylpimelodinitrile to them before publication. 
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8 Marckwald, Ber., 1887, 20, 2811. 
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571. The Aporphine Series. Part III.* Corydine and 
isoCorydine. 


By D. H. Hey and A. L. PALLUEL. 


The structure assigned to corydine has been confirmed by a total synthesis 
by the Bischler—-Napieralski-Pschorr method in which the phenolic hydroxyl 
group was protected by benzylation. An attempted synthesis of isocorydine 
on similar lines failed at the penultimate stage. 


THE isomeric alkaloids corydine and tsocorydine, which often appear together in various 
plants of the Corydalis, Dicentra, and Glaucium species, are 3 : 4: 5 : 6-tetra-substituted 
derivatives of aporphine containing three methoxyl and one hydroxyl groups. The 
location of these groups in the aporphine structure has been established by Spath and 
Berger | by relating them to the known structures of the alkaloids corytuberine and bulbo- 
capnine and by degradation. Confirmation of these structures has never been established 
by synthesis. No synthesis of a phenolic alkaloid of the aporphine series has, in fact, yet 
been achieved, although two hydroxyaporphines and one hydroxynoraporphine have been 
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prepared. Kondo and Ishiwata? have reported the synthesis of 6-hydroxy-3 : 4-di- 
methoxynoraporphine and Hey and Lobo ’ that of 3-hydroxy-4-methoxy-5 : 6-methylene- 
dioxyaporphine and 3-hydroxy-2-methoxy-5 : 6-methylenedioxyaporphine. Routes for 
the synthesis of phenolic alkaloids of the aporphine series were investigated by Gulland 
and his co-workers,*~? but with little success. 

The synthesis of a phenolic aporphine requires the protection of the free hydroxyl 
group (or groups) throughout a multi-stage synthesis by a group which is stable under the 
range of experimental conditions, yet one which can be readily removed at the final stage 
under conditions which will leave the rest of the molecule unaffected. In the synthesis of 


* Part II, J., 1956, 4123. 


' Spath and Berger, Ber., 1931, 64, 2038. 

2? Kondo and Ishiwata, Ber., 1931, 64, 1533. 
* Hey and Lobo, J., 1954, 2246. 

* Gulland, /., 1931, 2872. 

5 Gulland, Ross, and Virden, J., 1931, 2881. 
* Gulland, Ross, and Smellie, 7., 1931, 2885. 
? Douglas and Gulland, J., 1931, 2893. 
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the three phenolic derivatives referred to above, the hydroxyl group was protected by 
benzylation. In an attempt to confirm by synthesis the structures assigned to corydine 
and tsocorydine, the present communication describes the results obtained by using benzyl- 
ation for the protection of the free hydroxyl group. 

(+)-Corydine (IV; R =H, R’ = Me) has now been synthesised from 4-benzyloxy-3- 
methoxyphenethylamine and 3 : 4-dimethoxy-2-nitrophenylacetic acid by the conventional 
Bischler—-Napieralski-Pschorr procedure, thus providing the first example of the total 
synthesis of a naturally occurring phenolic aporphine alkaloid. Benzylvanillin was 
converted into 4-benzyloxy-3-methoxy-w-nitrostyrene, which was reduced with lithium 
aluminium hydride to 4-benzyloxy-3-methoxyphenethylamine in excellent yield. The 
cyclodehydration of the N-(4-benzyloxy-3-methoxyphenethyl)-3 : 4-dimethoxy-2-nitro- 
phenylacetamide (I; R = PhCH,, R’ = Me) was effected in chloroform with phosphorus 
pentachloride at room temperature over a period of several days (cf. Gulland and 
Haworth 8). The hydrochloride of the resulting dihydrozsoquinoline was soluble in chloro- 
form. The free base was converted into the methiodide (II; R = PhCH,, R’ = Me), 
which was reduced with zinc and hydrochloric-acetic acid at 0°. The 1-(2-amino-3 : 4-di- 
methoxybenzyl)-7-benzyloxy-1 : 2 : 3 : 4-tetrahydro-6-methoxy-2-methylisoquinoline (III; 
R = PhCH,, R’ = Me) on diazotisation and treatment with copper powder gave (+)- 
benzylcorydine (IV; R = PhCH,, R’ = Me), which was debenzylated with hot hydro- 
chloric acid. The resulting (-+)-corydine (IV; R =H, R’ = Me) was isolated as the 
hydrochloride, since it is known that the free base is susceptible to atmospheric oxidation. 

Colour tests on the synthetic (+-)-corydine hydrochloride and with naturally occurring 
(+-)-corydine hydrochloride, reported in the experimental section, provide convincing 
evidence of their structural identity. Whereas the hydrochloride of the (+)-isomer 
crystallised with one molecule of water of crystallisation, that of the (-+-)-isomer crystal- 
lised with half a molecule of ethanol of crystallisation. The ultraviolet absorption spectra 
of synthetic (+)-corydine hydrochloride and natural (+)-corydine hydrochloride were 
identical. At the same time, ultraviolet absorption spectroscopy is unable to distinguish 
between corydine and isocorydine. On the other hand, the infrared spectra of (+)- 
corydine hydrochloride and (+)-corydine hydrochloride are somewhat different, as would 
be expected from their different states of solvation. Inspection of the infrared spectra for 
(+)-corydine and (4-)-isocorydine hydrochlorides shows appreciable differences in the 
regions 9-80—10-16 and 11-09—12-15 u. In these regions the spectrum of (+-)-corydine 
shows sharp peaks at 9-80, 10-34, 11-69, and 12-15 u, whereas for (+-)-isocorydine maxima 
occur at 9-98, 10-16, 11-09, and 12-35 u. In the spectrum of the synthetic (+)-corydine 
the peaks which appear to be characteristic of the (+-)-corydine molecule are reproduced at 
9-75, 10-37, 11-66, and 12-12 yu, respectively, whereas those characteristic of tsocorydine 
are absent. 

A synthesis of isocorydine (IV; R = Me, R’ = H) along similar lines failed at the 
penultimate stage. The reaction of 3:4-dimethoxyphenethylamine with the diazo- 
ketone prepared from 3-benzyloxy-4-methoxy-2-nitrobenzoyl chloride gave 3-benzyl- 
oxy-4-methoxy-2-nitrophenyl-N-(3 : 4-dimethoxyphenethyl)acetamide (I; R = Me, R’ = 
PhCH,). Treatment of this amide in chloroform with phosphorus pentachloride at room 
temperature gave the hydrochloride of 1-(3-benzyloxy-4-methoxy-2-nitrobenzy]l)-3 : 4-di- 
hydro-6 : 7-dimethoxysoquinoline. The free base was converted into the methiodide 
(II; R = Me, R’ = PhCH,), which was reduced with zinc and hydrochloric-acetic acid 
at 0° to give 1-(2-amino-3-benzyloxy-4-methoxybenzy]l)-1 : 2 : 3 : 4-tetrahydro-6 : 7-di- 
methoxy-2-methyltsoquinoline (III; R = Me, R’ = PhCH,). The free base was diazot- 
ised and on the addition of copper powder nitrogen was evolved. The product was 
obtained as a brown oil, which liberated benzyl chloride on treatment with hot hydro- 
chloric acid. From the resulting solution a chloroform-soluble hydrochloride was obtained 
in good yield, but the analysis and ultraviolet absorption spectrum of this compound did 
8 Gulland and Haworth, J., 1928, 581. 
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not correspond with the requirements of isocorydine. The identity of this compound is 
not known. 


EXPERIMENTAL 


4-Benzyloxy-3-methoxyphenethylamine.—A mixture of benzylvanillin (25 g.) (prepared by 
the method of Dickinson, Heilbron, and Irving *), nitromethane (7 g.), methylamine hydro- 
chloride (1 g.), sodium carbonate (1 g.), and ethanol (50 c.c.) was warmed until a clear solution 
was obtained. It was then left at room temperature in a stoppered flask for 5 days. The 
4-benzyloxy-3-methoxy-w-nitrostyrene (28 g.), which separated, was collected and washed 
successively with ethanol and water. It was obtained in prisms, m. p. 120—121°, after 
crystallisation from acetone. Kobayashi’® reported m. p. 122—123°. The nitrostyrene 
(14-25 g.) was placed in a Soxhlet thimble; the flask below contained lithium aluminium 
hydride (9-35 g.) in dry ether (100 c.c.). Extraction was continued with stirring until no more 
nitrostyrene was extracted from the thimble (54 hr.) (cf. Nystrom and Brown!!). After 
cautious addition of 1-5N-sulphuric acid with stirring and cooling, the ether layer was separated 
and the aqueous solution was made strongly alkaline with sodium hydroxide solution. The 
alkaline solution was repeatedly extracted with ether and the extract was dried and 
concentrated. Addition of saturated dry ethereal hydrogen chloride precipitated 4-benzyloxy- 
3-methoxyphenethylammonium chloride (13 g.) in fine white needles, m. p. 169—171°. 
Kobayashi !° reported m. p. 173—175°. 

N-(4-Benzyloxy-3-methoxyphenethyl)-3 : 4-dimethoxy-2-nitrophenylacetamide.—A solution of 
3 : 4-dimethoxy-2-nitrophenylacetyl chloride [prepared from the acid * (2 g.) and phosphorus 
pentachloride (2-1 g.)] in dry benzene was added portionwise and alternately with 20% aqueous 
sodium hydroxide (10 c.c.) to a cooled aqueous solution of 4-benzyloxy-3-methoxyphenethyl- 
amine hydrochloride (1-5 g.), made just alkaline with sodium hydroxide solution. After an 
hour’s shaking, the mixture was extracted with chloroform and the chloroform solution was 
washed with dilute hydrochloric acid, dried, and evaporated. Crystallisation of the residue 
from ethanol gave N-(4-benzyloxy-3-methoxyphenethyl)-3 : 4-dimethoxy-2-nitrophenylacetamide in 
fine buff needles, m. p. 118—119° (Found: C, 65-0; H, 5-8; N, 5-3. C,,H,,0O,N, requires C, 
65-0; H, 5-8; N, 5-8%). A further quantity of this product was obtained from the mother 
liquors by chromatographic adsorption. The total yield was 2-3 g. 

7-Benzyloxy-1-(3 : 4-dimethoxy-2-nitrobenzyl)-3 : 4-dihydro-6-methoxyisoquinoline Hydrochloride 
and Methiodide.—A solution of the above amide (4-8 g.) in dry chloroform (50 c.c.) was added, 
slowly and with shaking, to a strongly cooled suspension of phosphorus pentachloride (15 g.) in 
chloroform (80 c.c.). The mixture was kept in the refrigerator overnight and then at room 
temperature for 8 days. The resulting solution was added slowly to crushed ice (300 g.) and 
concentrated hydrochloric acid (10 c.c.) and, after the addition of a small quantity of methanol 
to break the emulsion, the mixture was repeatedly extracted with chloroform. The dried 
extract was concentrated and addition of cold ether deposited 7-benzyloxy-1-(3 : 4-dimethoxy-2- 
nitrobenzyl)-3 : 4-dihydro-6-methexyisoquinolinium chloride (4:7 g.), which crystallised from 
ethanol in pale yellow needles, m. p. 219—200° (with decomp.) (Found: C, 62-0; H, 5-5; N, 
5-2. CygH..0,N,,HCl requires C, 62-6; H, 5-4; N, 5-6%). <A solution of the hydrochloride 
(4-7 g.) in warm ethanol (50 c.c.) was neutralised with 10% ammonia solution, and the precipit- 
ation of the free base completed by cooling and the addition of water. The free base (3-9 g.), 
white needles, m. p. 81—83°, was dried and then boiled under reflux with excess of methyl iodide 
(50 c.c.) for 3 hr. The mixture was cooled and the precipitated methiodide (4-6 g.) crystallised 
from ethanol, forming yellow needles, m. p. 181—183° (with decomp.) (Found: C, 53-6; H, 
4:9. C,,H,.O,N,I requires C, 53-6; H, 4-8%). 

1-(2-A mino-3 : 4-dimethoxybenzyl)-7-benzyloxy-1 : 2: 3: 4-tetrahydro-6-methoxy -2-methyliso- 
quinoline Dipicrolonate—Concentrated hydrochloric acid (25 c.c.) and zinc dust (15 g., portion- 
wise and with shaking) were added to a solution of the methiodide (2 g.) in acetic acid (100 c.c.) 
and water (25 c.c.) at 0°. The mixture was kept in the refrigerator overnight after which more 
hydrochloric acid (25 c.c.) and zinc dust (5 g.) were added. After being kept for a further 


® Dickinson, Heilbron, and Irving, J., 1927, 1895. 
1 Kobayashi, Sci. Papers Inst. Phys. Chem. Res., Tokyo, 1927, 6, 149. 
11 Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 1197; 1948, 70, 3738. 
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24 hr. at 0O—10°, the solution was filtered from unchanged zinc and poured, dropwise and with 
stirring, into ice-cold aqueous ammonia (300 c.c.) covered by a layer of ether. The alkaline 
solution was exhaustively extracted with ether, and the ethereal extract dried and evaporated. 
1-(2-Amino-3 : 4-dimethoxybenzyl)-7-benzyloxy-1 : 2: 3 : 4-tetrahydro-6-methoxy-2-methyliso- 
quinoline (1-41 g.) was obtained as a pale yellow oil with a blue fluorescence. The dipicrolonate 
(2-7 g.), prepared in ethanol solution, separated from that solvent in yellow needles, m. p. 151— 
152° (Found: C, 56-9; H, 4-9; N, 13-8. C,,H;,0,N.,,2C,,H,O;N, requires C, 57-8; H, 4-9; 
N, 14:3%). 

(+)-Corydine Hydrochloride.—To the above dipicrolonate (2 g.) suspended in methanol 
(10 c.c.) in a small mortar was added a cold solution of concentrated sulphuric acid (2 c.c.) in 
methanol (10 c.c.) dropwise with grinding. The picrolonic acid (0-98 g.) which separated was 
filtered off and washed with cold methanol (5c.c.). To the methanol solution at 0° a solution of 
sodium nitrite (0-14 g.) in water (4 c.c.) was added with stirring. The resulting diazonium 
solution was kept overnight in the refrigerator, after which “‘ catalytic ’’ copper powder (0-5 g.) 
was added. The mixture was kept at room temperature for an hour, during which time 
nitrogen was freely evolved. The mixture was then boiled under reflux (30 min.), cooled, and 
extracted with ether. The aqueous layer was made alkaline with ammonia solution and 
exhaustively extracted with ether. Evaporation of the dried extract gave crude benzyl-(-+)- 
corydine (0-7 g.) as a brown gum, which was debenzylated by boiling for 30 min. with 15% 
hydrochloric acid. The diluted solution was extracted successively with ether and chloroform. 
Evaporation of the dried chloroform extract gave a gum, which was redissolved in dilute hydro- 
chloric acid (20 c.c.) to which was added zinc dust (1 g.) (cf. Spath and Hromatka *%), 
Extraction of the filtered solution with chloroform and subsequent evaporation gave. (-+)- 
corydine hydrochloride (0-25 g.), which crystallised from ethanol—ether in white needles, sintering 
at 205°, m. p. 228° (with decomp.) (Found: C, 60-6; H, 6-6; N, 3-2. After being dried at 
70—80°/0-3 mm. for 16 hr.: C, 60-3; H, 6-6; N, 3-3. C, 9H,,;0,N,HCI,H,O requires C, 60-6; H, 
6-6; N, 3-5%). 

3 : 4-Dimethoxyphenethylamine.—A suspension of 3: 4-dimethoxycinnamic acid (31 g.), 
prepared by Wittmer and Raiford’s method,’* in a solution of sodium hydroxide (75 g.) in water 
(750 c.c.) was heated to 80—90° and 50% nickel—aluminium alloy (50 g.) was added portionwise 
with rapid stirring during 3 hr. (cf. Schwenk, Papa, Whitman, and Ginsberg *#). The mixture 
was kept at 80—90° for a further hour, then cooled, filtered, and poured dropwise with stirring 
into concentrated hydrochloric acid (450 c.c.). The precipitated 8-3 : 4-dimethoxyphenyl- 
propionic acid (26 g.), m. p. 95—96°, was collected. To a solution of the acid (21 g.) in dry 
chloroform (70 c.c.) was added thionyl chloride (23-8 g.). After 12 hr. the resulting solution was 
poured with stirring into a solution of sodium hydroxide (10 g.) in concentrated aqueous 
ammonia (240 c.c.). The mixture was boiled to remove excess of ammonia and chloroform and 
sufficient hot water then added to give a clear solution. §-3 : 4-Dimethoxyphenylpropionamide 
(18-5 g.), m. p. 118—119°, separated on cooling. Pictet and Finkelstein 1° have reported m. p. 
120—121° for this compound. The amide (10 g.) was converted by the action of sodium 
hypochlorite, as described by Buck and Perkin,!* into 3 : 4-dimethoxyphenethylamine (7-2 g.), 
a pale yellow oil (picrate m. p. 165—166°, as reported by Kondo, Narita, and Uyeo !”) 

3-Benzyloxy-4-methoxy-2-nitrophenyl-N-(3 : 4-dimethoxyphenethyl)acetamide.—To a solution of 
3-benzyloxy-w-diazo-4-methoxy-2-nitroacetophenone (1-8 g.; m. p. 132—133°), prepared as 
described by Hey and Lobo,’ in dioxan (30 c.c.) at 60° was added 3 : 4-dimethoxyphenethylamine 
(1 g.) and then silver oxide (1 g.). The mixture was kept at 60—70° for 2 hr., further quantities 
of silver oxide being added until evolution of nitrogen had ceased. It was then boiled under 
reflux for 30 min., filtered, cooled, diluted with carbon tetrachloride, and extracted repeatedly 
with dilute nitric acid. Much insoluble tar was formed. The pale carbon tetrachloride solution 
was washed with dilute sodium hydroxide solution and dried. Removal of the solvent left an 
oil which solidified on trituration with a little methanol. Repeated crystallisation from 
aqueous methanol gave 3-benzyloxy-4-methoxy-2-nitrophenyl-N-(3 : 4-dimethoxyphenethyl) acet- 
amide, (1-9 g.) in fine needles, m. p. 45—46° (Found: C, 62-4; H, 5-9; N, 5-2. After being 

12 Spath and Hromatka, Ber., 1928, 61, 1334. 

13 Wittmer and Raiford, /. Org. Chem., 1945, 10, 527. 

14 Schwenk, Papa, Whitman, and Ginsberg, ibid., 1944, 9, 175. 

16 Pictet and Finkelstein, Ber., 1909, 42, 1986. 


16 Buck and Perkin, J., 1924, 1679. 
17 Kondo, Narita, and Uyeo, Ber., 1935, 68, 527. 
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dried at room temp./0-3 mm. for 16 hr.: C, 62-7; H, 5-6. C,g.H,,0,N,,H,O requires C, 62-6; 
H, 6-0; N, 5-6%). 

1-(3-Benzyloxy-4-methoxy-2-nitrobenzyl)-3 : 4-dihydro-6 : 7-dimethoxyisoquinoline Hydrochloride 
and Methiodide.—The above amide (1-5 g.) was treated with phosphorus pentachloride (5 g.) in 
chloroform (60 c.c.) as described in the synthesis of (+)-corydine. The reaction was allowed to 
proceed at room temperature for 14 days. 1-(3-Benzyloxy-4-methoxy-2-nitrobenzyl)-3 : 4-di- 
hydro-6 : 7-dimethoxyisoquinolinium chloride (0-65 g.) crystallised from ethanol (charcoal) in pale 
yellow needles, m. p. 221—223° (with decomp.) (Found: C, 61-8; H, 5-6; N, 5-1. After being 
dried at 100° /0-3 mm. for 8 hr.: C, 62-4; H, 5-2. C,,H,,O0,N,,HCl requires C, 62-6; H, 5-4; N, 
5-6. Cy.H,.O,N,,HCI,C,H,°OH requires C, 61:7; H, 6-0; N, 5-1%). The free base, isolated 
from the hydrochloride (1-1 g.), was converted into the methiodide as in the previous example. 
It separated from ethanol containing a few drops of methyl iodide in yellow needles (1-0 g.), m. p. 
124—126° (with decomp.) (Found, after being dried at 80°/0-1 mm. for 8 hr.: C, 53-0; H, 4:8. 
C,,H,,O0,N,I requires C, 53-6; H, 4-8%). 

1-(2-A mino-3-benzyloxy-4-methoxybenzyl)-1 : 2: 3: 4-tetrahydro-6 : 7-dimethoxy -2-methyliso- 
quinoline Dipicrolonate——As described in the synthesis of corydine, the above methiodide 
(0-66 g.) was reduced to 1-(2-amino-3-benzyloxy-4-methoxybenzyl)-1 : 2: 3 : 4-tetrahydro-6 : 7- 
dimethoxy-2-methylisoquinoline (0-63 g.), a pale brown oil; its dipicrolonate (0-95 g.) formed 
yellow prisms (from ethanol), m. p. 166—169° (with decomp.) (Found : C, 56-7; H, 4-9; N, 13-7. 
After being dried at 80°/0-1 mm. for 8 hr.: C, 57-4; H, 4-7; N, 13-9. C,,H3,0,N,,2C,,H,O;N, 
requires C, 57-8, H, 4-9; N, 14-3. C,7H3,0,N,,2C,,H,O;N,,H,O requires C, 56-7; H, 5-0; 
N, 14:1%). The free base, isolated from the dipicrolonate (2 g.), was diazotised and the product 
was worked up as described for the synthesis of (+)-corydine. The hydrochloride of the product 
obtained after debenzylation was a white amorphous solid (0-7 g.), which sintered at 205° and 
melted (with decomp.) at 225° (Found: C, 57-5; H, 6-2; N, 2:3. C,9H,;0,N,HCl requires C, 
63-5; H, 6-35; N,3-7%). The identity of this compound is not known. 

Colour Reactions.—The authors are indebted to Dr. R. H. F. Manske for authentic specimens 
of (+)-corydine hydrochloride and (+-)-isocorydine. (+)-Corydine hydrochloride crystallised 
from ethanol—ether in small white needles, m. p. 240° (with decomp.) (Found: C, 62-9; H, 6-4; 
N, 3-2. After being dried at 70—80°/0-3 mm. for 16 hr.: C, 62-7; H, 6-4; N, 3-5. Calc. for 
Cy9H,;0,N,HC1,4C,H,OH : C, 62-8; H, 6-7; N, 3-5%). Manske 18 reported that (+)-corydine 
hydrochloride sinters at 240° and decomposes at 258°. (-+-)-isoCorydine was converted into its 
hydrochloride by addition of dry hydrogen chloride to a solution of the base in ether. 
The salt had m. p. 215—218° (with decomp.) (Found: C, 59-9; H, 6-5; N, 3-2. Calc. 
for C,9H,;0,N,HCI,H,O: C, 60-6; H, 6-6; N, 3-5%). 

The following colour reactions were performed on the hydrochlorides of synthetic (+)- 
corydine, (+)-corydine, and (+)-tsocorydine (cf. Callow, Gulland, and Haworth ?%) : 


Reagent (+)-Corydine (+)-itsoCorydine (+)-Corydine 
* Mandelin’s Brilliant green Brownish-purple becoming yellow Brilliant green 
* Frohde’s Bright blue-green Lilac becoming yellow-green Bright blue-green 
* Erdmann’s Red Red Red 
* Vitali’s Pale green Pale pink Pale green 
Conc. sulphuric acid nil nil nil 
Conc. nitric acid Red Yellow Pink 


* Cf. The Merck Index, 5th edn. 
A. L. P. thanks the Delegacy of King’s College for the award of a grant. 


KrnG’s COLLEGE (UNIVERSITY OF LoNDON), 
STRAND, Lonpon, W.C.2. (Received, February 22nd, 1957.) 


18 Manske, Canad. J. Res., 1952, 7, 258. 
18 Callow, Gulland, and Haworth, J., 1929, 669. 
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572. Intermediates for the Synthesis of Optically Active 
Methyl-substituted Long-chain Acids. Part II.* 


By K. J. Crowtey, D. J. MILLIN, and N. PoLcar. 


(+-)-y-Ethoxy-«-methylbutyric and (+)- and (-—)-6-ethoxy-3-methyl- 
hexanoic acid have been prepared. 


THE work described in Part I * of this series aimed at obtaining optically active methyl- 
substituted carboxylic acids with a terminal ether grouping as possible intermediates for 
syntheses of mycolipenic and mycoceranic acid. In continuation of these studies, the 
preparations of the (+)-enantiomer of y-ethoxy-«-methylbutyric (I) and the (+)- and the 
(—)-enantiomer of 6-ethoxy-3-methylhexanoic acid (VI) are now reported. 

The starting point for both syntheses was 2-ethoxyethanol (‘‘ Ethyl cellosolve ’’). 
Condensation of its toluene-f-sulphonate with the sodio-derivative of ethyl malonate, 
followed by methylation of the resulting substituted malonic ester and the usual subsequent 
stages, gave y-ethoxy-a-methylbutyric acid (I); this procedure was found superior to that 
of Sutton and Data ! involving condensation of 2-ethoxyethyl bromide with ethyl methyl- 
malonate. Resolution of the acid was accomplished with quinine, affording the (+)- 
enantiomer, [a], +23-6°. 


(I) EtO-[CH,],-CHMe-CO,H EtO-[CH,],,CO-CH, (II) 
(III) EtO-[CH,],-CHMe-CH(CN)-CO, Et EtO-[CH,],,CHMe-CH,CN (IV) 
(V) EtO-[CH,],-CMe(OH)-CH,"CO, Et EtO-[CH,],-CHMe-CH,-CO,H (VI) 


(VII) EtO-[CH,],-CHMe-CH,-CO-CH, 


6-Ethoxy-3-methylhexanoic acid (VI) was made via 5-ethoxypentan-2-one (II), 
obtained from the toluene-f-sulphonate of 2-ethoxyethanol by the acetoacetic ester 
method. Condensation of the ketone (II) with ethyl cyanoacetate, followed by catalytic 
hydrogenation of the product, gave ethyl 2-cyano-6-ethoxy-3-methylhexanoate (III) which 
on hydrolysis and decarboxylation of the resulting acid afforded 6-ethoxy-3-methylhexano- 
nitrile (IV). Hydrolysis of the latter gave, however, a rather poor yield of the required 
acid (VI). Another route was then followed which involved a Reformatsky reaction 
between ethyl bromoacetate and the ketone (II) to give ethyl 6-ethoxy-3-hydroxy-3- 
methylhexanoate (V). Attempts to dehydrate this hydroxy-ester by refluxing it with 
acetic anhydride, or by treatment of the toluene-f-sulphonate with alkali failed, and 
heating it with iodine left an appreciable proportion unchanged, but dehydration was 
readily effected by thionyl] chloride in the presence of pyridine or diethylaniline. Catalytic 
hydrogenation of the product, followed by hydrolysis of the saturated ester, gave 6-ethoxy- 
3-methylhexanoic acid (VI). Resolution with quinine gave the (+-)-enantiomer, and 
resolution with cinchonidine the (—)-enantiomer. 

As to the configurations of the resolved acids it should be noted that the levorotatory 
form of 2-methyl-substituted carboxylic acids and the dextrorotatory form of 3-methy]l- 
substituted carboxylic acids have been sterically related? to p-(+-)-glyceric aldehyde.t 
Since (++-)-6-methoxy-3-methylhexanoic acid has also been shown (cf. Part I) to belong 
to the D-series, it appears that the presence of a terminal ether group has no effect in this 
respect. This suggests that in the present case the (-++)-form of y-ethoxy-«-methylbutyric 
acid (I) and the (—)-form of 6-ethoxy-3-methylhexanoic acid (VI) have L-configuration, 
and the (-+)-form of (VI) has D-configuration. 

The preparation of 7-ethoxy-4-methylheptan-2-one (VII) and an attempt to resolve it 

* Part I, J., 1956, 1620. 
+ The symbols D and L are used in the sense defined by Linstead at al. (J., 1950, 3333). 


1 Sutton and Data, J. Amer. Pharm. Assoc., 1952, 41, 328. 
2 Stallberg-Stenhagen and Stenhagen, Arkiv Kemi, Mineralog. Geol., 1947, 24, B, No. 9. 
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by means of (—)-menthoxycarbonylhydrazine * are also described in the Experimental 
section. 


EXPERIMENTAL 
Optical rotations were measured in a 0-5-dm. tube. 

y-Ethoxy-a-methylbutyric Acid (I).—Dry pyridine (474 g., 6 mol.) was added dropwise with 
stirring to a mixture of 2-ethoxyethanol (270 g.; 3 mol.) and toluene-p-sulphonyl chloride 
(627 g., 3-3 mol.) at O—5° during 2 hr., and cooling and stirring were continued for a further 
2hr. After acidification with dilute hydrochloric acid, the mixture was extracted with ether, 
and the dried (K,CO,;) extract evaporated, giving crude 2-ethoxyethyl toluene-p-sulphonate 
(733 g.) as an oil. The crude ester (610 g.) was condensed with the sodio-derivative of ethyl 
malonate (from 62 g. of sodium, 600 g. of ethyl malonate, and 1300 c.c. of ethanol), to give ethyl 
2-ethoxyethylmalonate (407 g., 70%), b. p. 134—136°/13 mm. (Palomaa and Kenetti* give 
b. p. 118—119°/6 mm.; Prelog and Bozicevic § record b. p. 152—156°/16 mm.). This ester 
(464 g.) was converted into its sodio-derivative by means of sodium (51 g.) in ethanol (850 c.c.) ; 
methyl iodide (570 g.) was then added and the mixture refluxed for 10 hr. while further methyl 
iodide (6 x 50 g.) was introduced at intervals. The usual successive stages (hydrolysis, 
decarboxylation) afforded 4-ethoxy-2-methylbutyric acid (180 g.), b. p. 131—133°/14 mm., 
n® 1-4261 (Found: C, 57-7; H, 9-6. Calc. for C,H,,0,;: C, 57-5; H, 9-65%) (Sutton and 
Data ! record b. p. 123—126°/10 m™m.). The S-benzylthiuronium salt crystallised from water as 
white flakes, m. p. 129° (Found: v, 57-8; H, 7-5; N, 8-8. C,;H.4O3,N,S requires C, 57-7; H, 
7:7; N, 9-0%). 

The overall yield of the acid, calculated on the starting material, 2-ethoxyethanol, was 43%. 
In a comparative experiment involving a malonic ester synthesis from 2-ethoxyethyl bromide 
(prepared from 2-ethoxyethanol according to the directions of Harrison and Diehl *) and ethyl 
methylmalonate as described by Sutton and Data ! the overall yield (calc. on 2-ethoxyethanol) 
was 23-5%. 

Resolution of y-Ethoxy-a-methylbutyric Acid.—Preliminary experiments showed that the 
quinine salt, prepared by dissolving quinine in an ethanolic solution of the acid and evaporating 
the solution, crystallised on trituration with light petroleum (b. p. 40—60°) at 0°. In attempts 
to recrystallise the salt from acetone the free base separated from the solution. The salt was 
very soluble in ethanol and methanol, and finally, the following procedure was adopted. 

Quinine (42-2 g.) was added gradually to a solution of the acid (19 g.) in ethyl acetate 
(100 c.c.), kept at about 40°. The solution was filtered, light petroleum (b. p. 40—60°, 45 c.c.) 
added to the filtrate, and the mixture left to crystallise. Several batches (in all 150 g.) of the 
racemic acid were converted into the quinine salt in the same way. The salt was recrystallised 
by dissolving it in ethyl acetate and adding light petroleum (b. p. 40—60°) until a slight 
turbidity resulted; the solution was then left to crystallise for at least 24 hr. After five 
recrystallisations the quinine salt had [a]}* —114-2° (c 1-02 in EtOH), and gave on decomposition 
with dilute hydrochloric acid the acid with [a]}® + 13-7° (c 6-0 in COMe,), [«]}” + 18-14° (homog.). 
Four further recrystallisations gave quinine salt having [«]}* —111-3° (c 1-08 in EtOH); the 
regained acid had [«]}? + 18-6° (c 3-94 in COMe,), [«]#* + 21-96°, [a]? +22-07° (homog.). After 
six further recrystallisations of the quinine salt (when almost optically pure, the salt crystallised 
as long white feathery needles) the regained acid had [a]?* + 23-60° (homog.) which did not 
increase upon further recrystallisation of the quinine salt. 

The mother-liquors from the first crystallisation of the quinine salt yielded acid having 
[a}#* —6-6° (c 11-2 in COMe,). The cinchonidine salt of this acid, prepared in ethyl acetate, 
crystallised when the solution was kept at 0° for several days. Decomposition of the salt gave 
the partially resolved (—)-acid with [a]? —10-5° (¢ 7-4 in COMe,). 

In an exploratory experiment with (+-)-l-phenylethylamine, obtained by the method of 
Helferich and Portz,’ the y-ethoxy-a-methylbutyrate, prepared in methanol, gave after two 
recrystallisations from light petroleum (b. p. 40-——-60°), partially resolved (+)-acid with [«]! 
+5-4° (c 7-0 in COMe,). 

% Woodward, Kohman, and Harris, ]. Amer. Chem. Soc., 1941, 68, 120. 

* Palomaa and Kenetti, Ber., 1931, 64, 797. 

: Prelog and Bozicevic, Ber., 1939, 72, 1103. 
7 


Harrison and Diehl, Org. Synth., Coll. Vol. III, 1955, p. 370. 
Helferich and Portz, Chem. Ber., 1953, 86, 1034. 
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5-Ethoxypentan-2-one (I1).—This was prepared according to the directions given by Tracy 
and Elderfield,* except that 2-ethoxyethyl iodide (obtained from the toluene-p-sulphonate by 
refluxing with anhydrous sodium iodide in 95% ethanol) was used for the condensation with 
ethyl acetoacetate. The ketone (63% yield) was an oil, b. p. 168—172° (Tracy and Elderfield ® 
give b. p. 169—172°). 

Ethyl 2-Cyano-6-ethoxy-3-methylhex-2-enoate.—The procedure of Cope et al.® was followed. 
5-Ethoxypentan-2-one (65 g., 0-5 mol.), ethyl cyanoacetate (56-5 g., 0-5 mol.), glacial acetic acid 
(24 g., 0-2 mol.), ammonium acetate (7-7 g., 0-1 mol.), and benzene (100 c.c.) were refluxed in a 
flask fitted with a Dean—Stark water-separator for 20 hr. The benzene solution was then washed 
with water, the washings were re-extracted with benzene, and the combined benzene extracts 
distilled, to give ethyl 2-cyano-6-ethoxy-3-methylhex-2-enoate (86 g., 76%), b. p. 150—152°/10 mm., 
n® 1-4682 (Found: C, 63-9; H, 8-3; N, 6-4. C,,H,O,;N requires C, 64-0; H, 8-4; N, 6-2%). 

Ethyl 2-Cyano-6-ethoxy-3-methylhexanoate (III).—The preceding unsaturated ester (37 g.) in 
ethanol (60 c.c.) was shaken with 10% palladised charcoal under hydrogen at 5 atm. until 
absorption ceased (24 hr.). After filtration, the solution was distilled, to give ethyl 2-cyano-6- 
ethoxy-3-methylhexanoate, b. p. 154—155°/10 mm., n¥? 1-4399 (Found: C, 63-2; H, 9-0. 
C,,H,,0,N requires C, 63-4; H, 9-3%). 

6-Ethoxy-3-methylhexanonitrile (I[V).—The above saturated cyano-ester (72 g.) was stirred 
with 5% aqueous sodium hydroxide (600 c.c.) at the room temperature for 2 hr. The solution 
was acidified (hydrochloric acid) and the cyano-acid isolated by ether-extraction. Decarboxyl- 
ation by copper powder at 160° for 6 hr., then shortly at 180°, gave the nitrile (35 g., crude), 
b. p. 101—102°/10 mm., n? 1-4296 (Found: C, 69-4; H, 11-1. C,H,,ON requires C, 69-7; 
H, 11-0%). 

Ethyl 6-Ethoxy-3-hydvoxy-3-methylhexanoate (V).—A solution of ethyl bromoacetate (70 g.) 
in 1: 1 benzene-ether (100 c.c.) was added with stirring to a refluxing mixture of granulated 
zinc (46 g.), 5-ethoxypentan-2-one (100 g.), and 1: 1 benzene—ether (150 c.c.) during 45 min., 
and then a further quantity of zinc (41 g.); another portion (70 g.) of ethyl bromoacetate in 
1:1 benzene-ether (100 c.c.) was introduced during 45 min., and refluxing continued for a 
further 1-5 hr. Next day the mixture was poured into 10% aqueous sulphuric acid, and the 
benzene-ether layer washed with aqueous ammonia and water. Distillation of the dried 
(Na,SO,) extract gave the hydroxy-ester (75 g.), b. p. 139—142°/16 mm., n® 1-4378 (Found : 
C, 60-2; H, 10-0. C,,H,.O, requires C, 60-5; H, 10-1%). 

Dehydration of Ethyl 6-Ethoxy-3-hydroxy-3-methylhexanoate.—Thionyl chloride (15 g.) was 
added during 0-5 hr. to the above hydroxy-ester (19 g.) in dry benzene (19 g.) and pyridine 
(15-5 g.) while the mixture was cooled and stirred. Next day the mixture was poured into ice- 
water, and the product isolated by extraction with benzene. Distillation gave the unsaturated 
ester (15 g., 85%), b. p. 114—117°/10 mm., n? 1-4469 (Found: C, 65-7; H, 9-9. C,,H_9O; 


' requires C, 66-0; H, 10-0%). Light absorption: maxima at 2140 and 2200 A (e 7750 and 7000, 


respectively). Slightly smaller yields resulted when diethylaniline replaced pyridine. 

6-Ethoxy-3-methylhexanoic Acid (VI).—(i) From 6-ethoxy-3-methylhexanonitrile. The nitrile 
(5 g.), glacial acetic acid (40 c.c.), concentrated sulphuric acid (20 c.c.), and water (16 c.c.) were 
refluxed for 12 hr. The product was isolated by dilution with water and ether-extraction. 
Distillation gave 6-cthoxy-3-methylhexanoic acid (1-2 g., 21%), b. p. 142—144°/10 mm., n° 
1-4380 (Found : C, 61-8; H, 10-1. C,H,,O, requires C, 62-1; H, 10-3%). 

(ii) From the dehydrated Reformatsky ester. The unsaturated ester was refluxed in ethanolic 
solution with Raney nickel for 2 hr. in order to remove any catalyst poisons. The filtered 
solution was then hydrogenated over Raney nickel at 75 atm./100° (6 hr.), then distilled, and 
the product again hydrogenated in ethanol over Raney nickel at 100 atm./100° (5 hr.). On 
distillation ethyl 6-ethoxy-3-methylhexanoate, b. p. 101°/9 mm., n> 1-4274, was obtained (Found : 
C, 65-2; H, 10-8. C,,H,,O, requires C, 65-3; H, 10-9%). This on hydrolysis by refluxing it 
with 10% aqueous-ethanolic (1:2) potassium hydroxide, followed by acidification of the 
mixture gave the required acid, b. p. 145—146°/9 mm. The S-benzylthiuronium salt had m. p. 
133-5° after crystallisation from aqueous ethanol (1: 1) and water (Found: C, 60-0; H, 8-2; 
N, 8-1. C,,H,,0;N,S requires C, 60-0; H, 8-3; N, 8-2%). 

Resolution of 6-Ethoxy-3-methylhexanoic Acid.—Quinine (49-5 g.) was added gradually to a 
solution of the (+)-acid (26 g.) in aqueous ethanol (1:1; 100 c.c.); the solution was then 


8 Tracy and Elderfield, J. Org. Chem., 1941, 6, 63. 
® Cope, Hofmann, Wyckoff, and Hardenbergh, J. Amer. Chem. Soc., 1941, 68, 3452. 
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filtered, and water (ca. 40 c.c.) added to the filtrate. The quinine salt which separated was 
recrystallised eight times from aqueous acetone (2: 1), then decomposed with hydrochloric acid 
to yield acid having [a]! + 6-22° (homog.). 

The mother-liquors from the first crystallisation of the quinine salt gave acid having [«]}? 
—1-5° (homog.). This acid (16 g.) and cinchonidine (27 g.) were dissolved in warm aqueous 
ethanol (1:1), then kept at —10° for 48 hr. The salt which crystallised in clusters of long 
white needles was recrystallised eight times from aqueous ethanol (4:3); the solutions were 
kept at 0° for about 4 days during each crystallisation. Decomposition with 2n-hydrochloric 
acid gave the (—)-acid with [«]/? —6-02° (homog.). 

7-Ethoxy-4-methylheptan-2-one (VI1I).—6-Ethoxy-3-methylhexanoic acid (5 g.) was converted 
by-means of thionyl chloride into its acid chloride, and the latter caused to react, according to 
Blaise’s procedure,!* with a solution of methylzinc iodide (from 21 g. of methyl iodide, 20 c.c. of 
toluene, 4 g. of ethyl acetate, and 18 g. of zinc-copper couple). The mixture was worked up as 
described earlier for analogous cases.1! Distillation gave the ketone (2-8 g.), b. p. 92— 
94°/9 mm. (Found: C, 69-4; H, 11-3. C, 9H29O, requires C, 69-8; H, 11-6%). 

In a resolution experiment, the ketone (2-1 g.) and (—)-menthyloxycarbonylhydrazine 
(2-6 g.; prepared according to the directions of Woodward et al.) were refluxed overnight with 
sodium acetate (0-06 g.), acetic acid (0-03 g.), and ethanol (3 c.c.). The resulting solid 
crystallised from acetone as fine needles. Heating with 7% aqueous sulphuric acid (40 c.c.) for 
0-5 hr., followed by distillation in steam and ether-extraction of the distillate, gave ketone 
(0-26 g.) with [a]}® —1-2° (¢ 28-5 in EtOH). 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, February 6th, 1957.) 


10 Blaise, Bull. Soc. chim. France, 1911, 9, pp. i—xxvi. 
11 Marks and Polgar, J., 1955, 3851. 


573. Intermediates for the Synthesis of Optically Active 
Methyl-substituted Long-chain Acids. Part III.* 


By I. A. Hoiirpay and N. Poicar. 


The action of methylzinc iodide on the acid chloride of L-(+-)-(methyl 
hydrogen $-methylglutarate) ¢ proceeds without racemisation of the half-ester 
chloride. This is proved by conversion of the resulting keto-ester, D-(—)- 
methyl 3-methyl-5-oxohexanoate (I; KR =Me), into D-(-+-)-3-methyl- 
hexanoic acid. 

The nature of a by-product arising on Clemmensen reduction of the 
keto-ester is discussed, and evidence is presented which indicates that the 
by-product is D-(+-)-3 : 4-dihydro-4 : 6-dimethyl-2-pyrone (II); the latter 
was obtained by enol-lactonisation of the keto-acid (I; R = H). 

A synthesis of L-(—)-3-methylhexanoic acid (V) from L-(+)-2-methyl- 
pent-4-enoic acid (III) via L-(—)-2-methylpentan-1l-ol (IV) is also described. 


PREVIOUS experiments ' involving reaction of methylzinc iodide with the acid chloride 
derived from L-(+-)-(methyl hydrogen 8-methylglutarate) + gave a product for which the 
structure of D-methyl 3-methyl-5-oxohexanoate (I; R = Me) was proposed. In an 
attempt to convert this product, by Clemmensen reduction, into D-(-+-)-3-methylhexanoic 
acid, the resulting material, although giving correct analyses for the expected acid, showed 
a considerably higher [«], than previously recorded. A re-investigation of the keto-ester 
(I; R = Me) and its reduction product was, therefore, necessary. 

Repetition of the earlier work ! to obtain the keto-ester (I; R = Me) gave essentially 
the same result. Clemmensen reduction of the keto-ester, followed by hydrolysis of the 
reduced ester, gave a product with [«], +9-4°, to be compared with the value +-11-05° 

* Part II, preceding paper. 

+ The symbols D and L are used in the sense defined by Linstead et al. (J., 1950, 3333). 

1 Marks and Polgar, /J., 1955, 3851. 
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found in the earlier work.! In further experiments, reduction of the keto-ester by the 
Huang-Minlon method 2 gave the deoxy-acid with [«], +2-4° in agreement with the values 
previously recorded * for 3-methylhexanoic acid. Attention was, therefore, turned to 
examining the product resulting from the Clemmensen reduction. Its infrared spectrum 
showed (in CS,) three bands (1783, 1739, and 1712 cm.-) in the carbonyl region as compared 
with a single band (1712 cm.-) for the acid obtained by the Huang-Minlon method; the 
infrared spectrum of the latter was indistinguishable from that of L-(—)-3-methylhexanoic 
acid prepared by the procedure described later. When the product from the Clem- 
mensen reduction was subjected to catalytic hydrogenation, a small quantity of 
hydrogen was taken up, and the infrared spectrum of the reduced acid showed no difference 
from that of L-(—)-3-methylhexanoic acid. These observations suggested that before 
the hydrogenation some of the enol lactone (II), possibly arising during the Clemmensen 
reduction by enol-lactonisation of the keto-acid (I; R =H), might have been present. 
It is known‘ that enol lactones derived from 8-keto-acids on catalytic hydrogenation 
readily yield the corresponding saturated deoxy-acids. 

For comparison, the enol lactone (II), D-3 : 4-dihydro-4 : 6-dimethyl-2-pyrone, was 
prepared by heating the keto-acid (I; R = H) with acetic anhydride and sodium acetate 
(cf. ref. 5). It had [a], +49-5° and gave on catalytic hydrogenation (-+-)-3-methyl- 
hexanoic acid of [x], +-2-5°. 


CO,R co— _ CO,H CH,OH CO,H 
H, me Me-C-H oH 
os han Hoe | oH, (ah Me-C-H 
CH, . | te CH, Ha, 
OMe c—o CH, CH, 
cH, 
(I) (II) (III) (IV) (V) 


The present results show that the reaction between methylzinc iodide and the acid 
chloride of optically active methyl hydrogen @-methylglutarate proceeds without racemis- 
ation of the ester chloride. Alkylzinc halides are, therefore, in this respect superior to 
those of alkylcadmium which latter at the requisite higher reaction temperatures have 
been shown ° to effect racemisation of the optically active ester chloride owing to rearrange- 
ment involving interchange of the ester and acid chloride groups. 

In the course of this work L-(—)-3-methylhexanoic acid (V) was prepared from L-(+-)- 
2-methylpent-4-enoic acid? (III). Catalytic hydrogenation gave L-(+)-2-methylpent- 
anoic acid which was reduced by means of lithium aluminium hydride to furnish L-(—)- 
2-methylpentan-l-ol (IV). The latter via the corresponding iodide and cyanide gave the 
acid (V) having [«], —2-5°. 


EXPERIMENTAL 


Optical rotations were measured in a 0-5-dm. tube. 
D-(—)-Methyl 3-Methyl-5-oxohexanoate (I; R = Me).—Reaction of methylzinc iodide with 
the acid chloride of L-(+)-(methyl hydrogen §-methylglutarate) according to the procedure 


* Huang-Minlon, J. Amer. Chem. Soc., 1946, 68, 2487. 

3 Levene and Marker, J. Biol. Chem., 1931, 91, 77; Cason and Coad, J]. Amer. Chem. Soc., 1950, 72, 
4695; Stallberg-Stenhagen, Arkiv Kemi, 1951, 2, No. 2, and ref. 6. 

4 Jacobs and Scott, /. Biol. Chem., 1930, 87, 601; 1931, 98, 139. 

5 Woodward, Sondheimer, Taub, Heusler, and McLamore, J. Amer. Chem. Soc., 1952, 74, 4223. 

* Stallberg-Stenhagen, Arkiv Kemi, Min., Geol., 1948, 26, A, No. 12; Chase and Hey, J., 1952, 553. 
? Stallberg-Stenhagen, Arkiv Kemi, Min., Geol., 1946, 28, A, No. 15. 
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earlier described ! gave the keto-ester, b. p. 101°/15 mm., [a]}® —1-02° (homog.), mi¥ 1-4302. 
Marks and Polgar ' record b. p. 99°/13 mm., [«]# —1-1° (in Et,O), m}? 1-4290. 

Clemmensen Reduction.—The above keto-ester gave on Clemmensen reduction, followed by 
hydrolysis with aqueous potassium hydroxide and acidification of the product as described 
earlier, an oil, («]}® +-9-4° (c, 4-62 in CgH,) (Found: C, 65-4; H, 10-8%). When this product 
(0-3 g.) was shaken in ethanol (12 c.c.) containing a drop of glacial acetic acid and platinic oxide 
(40 mg.) in hydrogen a small quantity of hydrogen was taken up. Removal of the catalyst 
and solvent gave 3-methylhexanoic acid, m?' 1-4214 (Found: C, 64-8; H, 10-4. Calc. for 
C,H,,0,: C, 64:6; H, 10-8%). The infrared spectrum was indistinguishable from that of 
the authentic specimen described below. 

Huang-Minlon Reduction.—The keto-ester (1-9 g.) was refluxed with triethylene glycol 
(17 c.c.), 78% aqueous hydrazine hydrate (5-5 c.c.), and potassium hydroxide (1-9 g.) for 2 hr. 
Water was then boiled off until the temperature of the mixture reached 180° (1}$ hr.) and 
refluxing continued for a further 2 hr. The mixture was acidified with dilute hydrochloric 
acid, then extracted with ether, and the residue after evaporation refluxed with 10% aqueous 
potassium hydroxide for 3 hr. Acidification, extraction with ether, and distillation of the 
extract gave D-(+)-3-methylhexanoic acid (1 g.), b. p. 130° (bath) /20 mm., [a]}? + 2-4°(¢ 9-75 
in C,H,) (Found: C, 64:7; H, 10-6%). 

D-(+)-3 : 4-Dihydro-4 : 6-dimethyl-2-pyrone (II).—D-3-Methyl-5-oxohexanoic acid (1-5 g.; 
obtained from the methyl ester by alkaline hydrolysis) was refluxed with acetic anhydride 
(5 g.) and sodium acetate (4 g.) for 6 hr. Most of the acetic anhydride was then removed and 
the mixture poured into water. The ethereal extract of the product, after being washed with 
aqueous sodium carbonate (10%) and water, yielded on distillation D-(+-)-3 : 4-dihydro-4 : 6- 
dimethyl-2-pyrone, b. p. 105° (bath) /20 mm., [a]}® + 49-5° (c 3-60 in C,H,), 2? 1-4489 (Found : 
C, 66-2; H, 7-9. C,H, O, requires C, 66-7; H, 7-9%). Catalytic hydrogenation of this enol 
lactone (0-28 g.) in ethanol (12 c.c.) over platinic oxide (55 mg.), and isolation of the resulting 
acid in the usual way, gave D-(+-)-3-methylhexanoic acid, [a]}® +-2-5° (c 8-82 in C,H.) (Found : 
C, 64-6; H, 10-8%). 

L-(+)-2-Methylpentanoic Acid.—L-(+)-2-Methylpent-4-enoic acid, obtained according to 
the directions of Stallberg-Stenhagen,? was hydrogenated in ethanol at 5 atm./room tem- 
perature in the presence of 5% palladised charcoal, to give L-(-++)-2-methylpentanoic acid, 
[a]i* +.18-08° (homog.). Stallberg-Stenhagen ” gives [a]}® + 18-3°. 

L-(—)-2-Methylpentan-1-ol (IV).—The above acid (5-5 g.) in ether (25 c.c.) was added to a 
stirred solution of lithium aluminium hydride (1-9 g.) in ether (90 c.c.) during 1-5 hr. at such a 
rate that the solvent refluxed gently. After a further 0-5 hr., ethyl acetate (10 c.c.) was added, 
followed by 2N-sulphuric acid. The aqueous phase was extracted with ether, and the combined 
ethereal extracts were washed with 10% aqueous potassium hydroxide, then with water, and 
dried (Na,SO,). Distillation gave L-(—)-2-methylpentan-1-ol, b. p. 103°/110 mm., al!® —8-36° 
(homog.), n}f 1-4182 (Found: C, 70-4; H, 13-5. C,.H,,O requires C, 70-5; H, 13-8%). 

L-(—)-3-Methylhexanoic Acid (V).—Dry pyridine (4-6 g.) was gradually added with stirring 
to an ice-cold mixture of L-(—)-2-methylpentan-1l-ol (2-9 g.) and toluene-p-sulphonyl chloride 
(5-4 g.), and stirring and cooling were continued for 1 hr. The product was acidified with dilute 
hydrochloric acid, then extracted with ether, and the dried (Na,SO,) extract evaporated. 
The resulting crude toluene-p-sulphonate was refluxed with a solution of anhydrous sodium 
iodide (10 g.) in dry acetone (100 c.c.) for 9 hr. The iodide, isolated in the known manner, was 
gradually added in ethanol (30 c.c.) to a hot solution of potassium cyanide (3-2 g.) in water 
(10 c.c.), and the mixture refluxed for 8 hr. The resulting crude cyanide was refluxed with a 
mixture of concentrated sulphuric acid, acetic acid, and water (10 c.c. each) for 8 hr. The 
product was poured into water and extracted with ether from which the acidic fraction was 
removed with 5% aqueous potassium hydroxide. Acidification of the alkaline extract and 
ether-extraction, followed by distillation, gave L-(—)-3-methylhexanoic acid, b. p. 125° 
(bath) /20 mm., [«]}® —2-5° (c 4-31 in C,H,), n?? 1-4212 (Found: C, 65-0; H, 10-8. Calc. for 
C,H,,0,: C, 64-6; H, 10-8%). 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, February 6th, 1957.] 
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574. Stereochemistry of cycloHexane Derivatives. Part VI.* 
The 3-Aminocyclohexanols. 


By R. R. Burrorp, F. R. HEweiit, and P. R. JEFFERIES. 


cis-3-Aminocyclohexanol has been prepared stereospecifically from cis-3- 
hydroxycyclohexanecarboxylic acid, and both the cis- and the trans-isomer 
have been isolated after hydrogenation of m-acetamidophenol. The reactions 
of the 3-amino-alcohols and 1 : 3-diamines with nitrous acid are discussed, 
and reactions proceeding through participation of neighbouring groups have 
been examined. The infrared absorption spectra of the cis-3-aminocyclo- 
hexanols have been examined in the 3 » region, and intramolecular hydrogen 
bonds are demonstrated. No evidence for an intramolecular hydrogen bond 
in cis-1 : 3-diaminocyclohexane could be obtained. 


ALTHOUGH considerable attention has been paid to the 2-aminocyclohexanols } the related 
3-amino-compounds appear not to have been described. Hydrogenation of m-amino- 
phenol ? and its derivatives has been examined but pure isomers have not been described. 
It seemed desirable to assign configurations unambiguously from the outset and accordingly 
we undertook a preparation of cis-3-aminocyclohexanol using the stereospecific Curtius 
sequence? with cis-3-hydroxycyclohexanecarboxylic acid. The derived hydrazide was 
converted into the azide which was conveniently decomposed in hot benzene, the iso- 
cyanate giving the cyclic urethane (I) from which cis-3-aminocyclohexanol was obtained by 
basic hydrolysis. The urethane was re-formed when the amino-alcohol was heated with 
ethyl carbonate or, preferably, together with aniline, by melting the phenylcarbamoyl 
derivative. Reduction of urethanes with lithium aluminium hydride > has been shown to 
give methylamines and, when applied to the compound (I), afforded cis-3-methylamino- 
cyclohexanol in good yield. 

Larger quantities of material were sought by reduction of benzenoid compounds. 
Reduction of m-aminophenol is complicated by hydrogenolysis, but good yields of the 
3-acetamidocyclohexanols are obtained from m-acetamidophenol. We have separated 
this mixture by utilising the greater solubilities of the trans-ON-diacetyl derivative and 
cis-benzamide. The configuration of the ¢rans-isomer follows from oxidation of cis- and 
trans-3-acetamidocyclohexanol to the same 3-acetamidocyclohexanone. Attempts to 
obtain larger quantities of the trans-isomer were made by the hydrogenation of this ketone 
under acid conditions,* but a considerable quantity of the cis-compound was also formed. 
Reaction of cyclohexylamines with nitrous acid is controlled by the position of the amino- 
group, equatorial amines giving mainly alcohols of the same configuration whereas the 
axial amines produce a large amount of olefin.? When treated in this way cts-3-amino- 
cyclohexanol gave about 15% of the cis-diol, but the major product (40%) was an 
unsaturated aldehyde (max. for C-CH, at 913 and 987 cm.) corresponding to hex-5-enal. 
This structure was established by reduction to the alcohol with lithium aluminium hydride 
and comparison with a sample similarly obtained from hex-5-enoic acid. With nitrous acid 
trans-3-aminocyclohexanol and cis- and trans-1 : 3-diaminocyclohexane gave hex-5-enal. 


* Part V, J., 1956, 4391. 


1 (a) McCasland, Clark, and Carter, J]. Amer. Chem. Soc., 1949, 71, 637; McCasland and Smith, 
ibid., 1950, 72, 2190; McCasland and Horswill, ibid., 1951, 78, 3923; McCasland, ibid., p. 2293, 2295; 
Fodor and Kiss, ibid., 1950, 72, 3495; (b) Winstein, Goodman, and Boschan, ibid., pp. 2311, 4669. 

2 Billman and Buehler, ibid., 1953, 75, 1345. 

% Wallis and Lane, ‘“‘ Organic Reactions,”” Wiley, New York, 1946, Vol. III, p. 272; Hewgill and 
Jefferies, J., 1956, 805. 

“ Perkin and Tattersall, J., 1907, 91, 489. 

5 Dannley, Lukin, and Shapiro, J. Org. Chem., 1955, 20, 92. 

* Barton, J., 1953, 1027. 

7 Bose, Experientia, 1953, 9, 256; Mills, J., 1953, 260. 
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A similar splitting has been observed in the dehydration of acyclic 1 : 3-diols ® and in the 
solvolysis of some steroid 3 : 5-diols as the 3-toluene-f-sulphonates.® Since our work was 
completed the rupture in low yield of some highly substituted acyclic 3-amino-alcohols with 
nitrous acid has been reported.!® It has been suggested !! that oxides are intermediates 
in the rupture of the diols and their monotoluene-f-sulphonates, and although the form- 
ation of an oxide could be expected for the reaction of trans-3-aminocyclohexanol an unusual 
mechanism would be required for the cis-isomer. The mechanism (II —» III) is 
accordingly preferred. 

The reversible N — O migration of acyl groups in amino-alcohols has been studied 
extensively.'* For migration with retention of configuration the formation of a cyclic 
intermediate (IV) is necessary. Such an intermediate could arise from cis-3-aminocyclo- 
hexanol derivatives in the diaxial conformation. All attempts to effect migration under 
standard conditions with the acetamide or benzamide failed. Treatment of the latter with 
hot aqueous acid gave a base which was not the expected cis-3-aminocyclohexyl benzoate 
but gave analyses for a dehydration product. The infrared absorption spectrum showed 
absence of OH and NH groups and bands at 1491, 1582, and 1598 cm.~! due to the phenyl 


R H 
oy ‘ <9 
co NH HN” ‘o 
| 4 CHO | | 


(1) (II) (ITT) (IV) 


group, together with a band at 1643 cm.-!._ This indicated the dihydro-oxazine structure 
(V) arising by dehydration of the corresponding compound (IV). The analogous oxazoline 
(VI) has been obtained on reaction of trans-2-benzamidocyclohexanol and its derivatives 
involving participation of the benzamido-group.” The oxazoline (VI) showed maxima at 
1497, 1581, and 1602 cm.-! due to the phenyl group and at 1642 cm.-' which must be the 
C=N stretching frequency which is known te occur in this region; }* and the band at 
1643 cm.“! in the oxazine derivative (V) is similarly assigned. 

To determine if participation of the benzamido-group might occur in ¢vans-3-benzamido- 
cyclohexanol the latter was submitted to acid hydrolysis and, as for the cis-isomer, the 
oxazine derivative (V) was obtained. This reaction must involve a rear displacement 
(VII —» V). 


Ph 
c 
a | 
° ° HN~ Co 
CPh ‘CPh —» (V) 
rT ll > 
(V) (V1) (VII) 


The dihydro-oxazine (V) was prepared in good yield by treating the /rans-benzamide 
with thionyl chloride. Winstein, Goodman, and Boschan ” report that solvolysis of 
trans-2-benzamidocyclohexyl toluene-f-sulphonate occurs readily with formation of the 
oxazoline ester, and similarly we find boiling in benzene sufficient to convert the 3-isomer 
into the toluene-f-sulphonate of the dihydro-oxazine (V). Solvolysis of the trans-3-benz- 
amidocyclohexyl ester was examined in ethanolic potassium acetate at 50-2° and k, was 


§ Zimmerman and English, J. Amer. Chem. Soc., 1954, 76, 2285, 2291, 2294. 
* Clayton and Henbest, Chem. and Ind., 1953, 1315. 
10 English and Bliss, J. Amer. Chem. Soc., 1956, 78, 4057. 
11 See Wasserman in Newman’s “ Steric Effects in Organic Chemistry, Wiley, New York, 1956, p. 
375. 
12 Phillips and Baltzly, J. Amer. Chem. Soc., 1947, 69, 200; Welsh, ibid., 128; 1949, 71, 3500; 
Fodor and Kiss, /., 1952, 1589; 1951, 1858; 1950, 3495; Wendler, Experientia, 1953, 9, 416. 
18 Bellamy, ‘ The Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1954, p. 223. 
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found to be 3-0(-- 0-3) x 10 1. mole sec.-!. This reaction is significantly faster than 
that (k, = 1-2 x 10% at 49-8°) reported for the trans-2-benzamidocyclohexyl ester.’ 
Two effects which might contribute to this result are the smaller inductive effect of the 
benzamido-group in the 3-position and the small energy difference between the two chair 
conformations for this isomer, whereas the trans-2-benzamidocyclohexyl ester would exist 
only to a small proportion in the diaxial conformation necessary for participation.™ 

Hydrogen bonding between amino- and hydroxyl groups has been demonstrated in a 
number of 1 : 2-amino-alcohols.15 Kanzawa,!* in a comprehensive study of the ephedrines 
and related compounds by the infrared method, has shown that the intramolecular bond is 
directed to the more basic nitrogen atom, although some free hydroxyl absorption is 
present, and that the magnitude of the shift (Av 170) is considerably greater than in diols. 
The presence of an intramolecular hydrogen bond has been demonstrated in cis-cyclo- 
hexane-l : 3-diol !7 and a similar effect would be expected in the corresponding amino- 
alcohol. For a wider examination we prepared cis-3-ethylaminocyclohexanol by reduction 
of the acetamide with lithium aluminium hydride, and cis-3-dimethylaminocyclohexanol by 
methylation of the amino-alcohol. All the cis-3-aminocyclohexanols studied (see Table) 
show some free hydroxyl and in addition a broad intense band arising from intramolecular 
bonded hydroxyl. 

In general the weak NH absorption is obscured by the bonded hydroxyl band. As 
expected the latter is absent in ¢rans-3-aminocyclohexanol. The hydrogen bonding must 
arise from a diaxial conformation and the free hydroxyl is most probably due to a 
proportion of the diequatorial conformation. Two factors which will control the 
proportions of the chair forms are the basicity of the acceptor atom and the Pitzer strain 
associated with the diaxial conformation. Successive alkyl substitution of the amino- 
group will increase its basicity and should give a stronger bond as measured by Av. The 
values for the latter, given in the Table, increase as expected. Although alkyl substitution 
increases Av, the tendency for a larger proportion of diaxial form will be opposed by the 
resultant increase in Pitzer strain and this probably accounts for the greater proportion of 
free hydroxyl in the dimethylaminocyclohexanol than in the methylaminocyclohexanol. 
For comparison, trans-2-aminocyclohexanol has been examined, showing Av (108 cm.-') 


Infrared bands (cm.-1) and « (in parentheses). 


Free OH Bonded OH NH Av 
cis-3-Aminocyclohexanol .........seeceeseeeseeee 3622 (26) 3366 (32) 3382 256 
trans-3-Aminocyciohexanol ..........sseeeeeeees 3629 (42) — 3388 (16) 
3300 (13) 
cis-3-Methylaminocyclohexanol ..........-.... 3621 (23) 3337 (64) —_ 284 
cis-3-Ethylaminocyclohexanol .............++++ 3621 (23) 3322 (64) —_ 299 
cis-3-Dimethylaminocyclohexanol ............ 3623 (32) 3301 (32) — 322 
trans-2-Aminocyclohexanol] ..........seeeeeeeees 3629 (13) 3521 (22) 3391 (14) 108 
3325 (12) 
cis-1 : 3-Diaminocyclohexane ..........s0..000+ _- -- 3381 
3318 
trans-1 : 3-Diaminocyclohexane ..........+++++ _- = 3382 
3312 


considerably less than for the 3-amino-alcohols, as expected for the five-membered ring 
structure in the former. The possibility of stabilisation of the diaxial conformation of 
cis-1 : 3-diaminocyclohexane has been discussed before.1® In dilute carbon tetrachloride 
both the cis- and the trans-isomer show similar absorptions assignable to free NH 
vibrations only. 


14 Alt and Barton, J., 1954, 4284. 

15 Bergman, Gil-Av, and Pinchas, ]. Amer. Chem. Soc., 1953, 75, 68. 
16 Kanzawa, Bull. Chem. Soc. Japan, 1956, 29, 398, 479, 604. 

17 Kuhn, J. Amer. Chem. Soc., 1952, '74, 2492. 

18 Hewgill and Jefferies, ]., 1956, 805. 
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EXPERIMENTAL 


Light petroleum had b. p. 60—80°. Microanalyses were by C.S.I.R.O. Microanalytical 
Laboratory, Melbourne. 

cis-3-A minocyclohexanol.—cis-3-Hydroxycyclohexanecarboxylic acid was prepared by 
hydrogenation of m-hydroxybenzoic acid in the presence of W-7 nickel catalyst at 180— 
200°/1000 Ib. per sq. in. The pure acid had m. p. 130—132°. The lactone (6 g.) was 
converted into the hydrazide in boiling alcoholic hydrazine hydrate, and crystallised from 
alcohol—ethyl acetate as plates, m. p. 179° (Found: C, 53-3; H, 8-9; N, 17-9. C,H,,O,N, 
requires C, 53-1; H, 8-9; N, 17-8%). The hydrazide (4 g.) in N-hydrochloric acid (100 ml.) and 
ether (100 ml.) was cooled to 0°, and 25% sodium nitrite solution (16 ml.) added during 30 min. 
with stirring. The ether was separated and the aqueous layer extracted with ether (3 x 30 ml.). 
The dried ether solution was added during an hour to boiling benzene, and ether removed by 
fractionation and boiling continued for 2 hr. The benzene was filtered through alumina and 
evaporated. Crystallisation from benzene light petroleum gave 2-oxa-4-azabicyclo(3 : 3 :1]- 
nonan-3-one as prisms (2-5 g.), m. p. 154—155°, forming a hydrate, m. p. 82—83° on exposure 
to air (Found: C, 53-2; H, 8-1; N, 8-9. C,H,,O,N,H,O requires C, 52-8; H, 8-3; N, 8-8%). 
This urethane (2-0 g.) was boiled for 6 hr. with 10% aqueous sodium hydroxide (150 ml.) and 
then continuously extracted with chloroform. Distillation of the extract gave the hygroscopic 
cis-3-aminocyclohexanol, b. p. 128°/18 mm., m. p. 70°, pK, 10-05 (Found : C, 62-7; H, 11-5; N, 
12-0. C,H,,ON requires C, 62-6; H, 11-3; N, 12-2%). 

cis-3-Benzamidocyclohexanol, prepared by the Schotten—-Baumann method and crystallised 
from chloroform-light petroleum, formed needles, m. p. 155° (Found: C, 71-6; H, 7-8; N, 
6-4. C,,;H,;O,N requires C, 71-2; H, 7-8; N, 64%). The ON-diacetyl derivative, prepared by 
boiling acetic anhydride, formed needles, m. p. 119—120° (Found: C, 60-5; H, 8-7; N, 7-3. 
C,9H,;0,N requires C, 60-3; H, 8-6; N, 7-0%), from ethyl acetate. cis-3-Acetamidocyclo- 
hexanol was prepared by hydrolysis of the diacetate with N-sodium hydroxide at room temper- 
ature during 30 min. and isolated by continuous extraction with chloroform. Crystallisation 
from ethyl acetate gave plates, m. p. 119—121° (Found: C, 60-6; H, 9-7; N, 8-8. C,H,,O,N 
requires C, 61-1; H, 9-6; N, 8-9%). 

cis-3-A cetamidocyclohexyl benzoate was prepared from the acetamide with 1 mol. of benzoyl 
chloride in pyridine. It formed needles, m. p. 126—127° (Found: C, 69-3; H, 7-2; N, 5:1. 
C,;H,,0,N requires C, 68-9; H, 7-4; N, 5-4%), from acetone-light petroleum. cis-N-Acetyl-N- 
benzoylaminocyclohexyl benzoate was prepared similarly, by using an excess of benzoyl chloride. 
Crystallisation from acetone gave prisms, m. p. 145—146° (Found: C, 72-6; H, 6-2; N, 3-6. 
C,,H,,;0,N requires C, 72-3; H, 6-3; N, 3-8%). The N-phenylcarbamoyl derivative, prepared 
with 1 mol. of phenyl isocyanate in benzene, separated from alcohol as needles, m. p. 207° 
(Found : C, 66-7; H, 7:7; N, 11-8. C,,H,,0,N, requires C, 66-7; H, 7-7; N, 12-0%). 

Cyclic Urethane (I).—(a) cis-3-Aminocyclohexanol (1 g.) and ethyl carbonate (1-1 ml.) were 
heated at 180° during 5 hr. The product was taken up in ethyl acetate. Separation from 
amorphous material and evaporation gave a residue which was repeatedly extracted with hot 
ether. Evaporation of the ether and crystallisation from benzene—light petroleum gave prisms 
(0-1 g.), m. p. and mixed m. p. 154—155° (cf. above). 

(b) The N-phenylcarbamoyl derivative (2-0 g.) was heated from 180° to 210° during 10 min. 
After being washed with a little ether the residue crystallised as above to give the urethane 
(0-8 g.), m. p. and mixed m. p. 154—155°. 

cis-3-Methylaminocyclohexanol._—The urethane (I) (2 g.) in suspension in ether (100 ml.) 
was treated with lithium aluminium hydride (1-2 g.). After 8 hr. the product was worked up in 
the usual way and isolated by continuous extraction with chloroform. Distillation and 
crystallisation from benzene gave prisms (1-0 g.), m. p. 87—88° (Found : C, 65-3; H, 11-7; N, 
11-1. C,H,,;ON requires C, 65-1; H, 11-6; N, 10-8%). The benzamide (Schotten—Baumann) 
gave prisms, m. p. 103—104° (Found: C, 72-0; H, 8-3; N, 5-8. C,,H,,O,N requires C, 72-1; 
H, 8-1; N, 6-0%). 

cis-3-Ethylaminocyclohexanol, prepared by similar reduction of cis-3-acetamidocyclohexanol, 
crystallised from ethyl acetate as prisms, m. p. 89—90° (Found: C, 67-0; H, 11-9; N, 9-9. 
C,H,,ON requires C, 67-1; H, 11-9; N, 9-8%). Its N-phenylcarbamoyl derivative, prepared in 
benzene, crystallised from ethyl acetate as needles, m. p. 135° (Found: C, 68-6; H, 8-2; N 
10-9. C,5H,,N,O, requires C, 68-7; N, 8-4; N, 10-7%). 
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cis-3-Dimethylaminocyclohexanol.—cis-3-Aminocyclohexanol (1 g.) was methylated by the 
standard procedure with formaldehyde and formic acid. Isolation of the basic product with 
chloroform and distillation gave the dimethylamino-alcohol, b. p. 130°/20 mm. (Found : C, 66-7; 
H, 12-0; N, 10-:0%; equiv., 147. C,H,,ON requires C, 67-1; H, 11-9; N, 9-8%; equiv., 143). 
The hygroscopic base crystallised on refrigeration but could not be recrystallised. 

Hydrogenation of m-Acetamidophenol.—This was carried out as described by Billman and 
Buehler.2 Some cis-3-acetamidocyclohexanol was separated as a hydrate on fractional 
crystallisation from ethyl acetate. A more convenient process was acetylation with boiling 
acetic anhydride, crystallisation from ethyl acetate then giving the cis-diacetate, m. p. and 
mixed m. p. 119—120°. The mother-liquors were hydrolysed with hot 10% aqueous sodium 
hydroxide during 4 hr., and the bases continuously extracted with chloroform and distilled. 
Reacetylation gave a further crop of cis-diacetate and the residues were hydrolysed and 
benzoylated directly by addition of benzoyl chloride to the alkali solution. Crystallisation of 
the product from chloroform readily gave trans-3-benzamidocyclohexanol as prisms, m. p. 169° 
(Found: C, 71-1; H, 7-7; N, 6-5. C,3H,,O,N requires C, 71-2; H, 7-8; N, 64%) depressed 
by about 30° in admixture with the cis-isomer. The proportion cis : trans is approximately 4: 1. 

trans-3-A minocyclohexanol.—The benzamide (11 g.) was boiled with 10% sodium hydroxide 
solution (300 ml.) for 24 hr. Filtration from a trace of unchanged amide and continuous 
extraction with chloroform gave a crystalline residue of base, b. p. 122°/18 mm., which 
recrystallised from benzene as plates, m. p. 94—95° (Found: C, 62-9; H, 11-4; N, 12-5. 
C,H,,;ON requires C, 62-6; H, 11-3; N, 12-2%). The pK, was 10-1. The N-phenylcarbamoyl 
derivative prepared as for the cis-analogue crystallised from acetone as plates, m. p. 187—188° 
(Found: C, 66-8; H, 7-6; N, 12-3. C,;H,,0O,N, requires C, 66-7; H, 7-7; N, 120%). Only 
amorphous products were obtained after the urea had been heated at 180—210°, as for the 
cis-isomer. The diacetate, prepared as for the cis-compound, crystallised from benzene—light 
petroleum as prisms, m. p. 103° (Found: C, 60-3; H, 8-3; N, 7-2. C1, 9H,,0O;N requires C, 
60-3; H, 86; N, 7:0%). trans-3-Acetamidocyclohexanol separated from benzene as plates, 
m. p. 111—113° (Found: C, 61:3; H, 9-3; N, 9-0. C,H,,0,N requires C, 61-1; H, 9-6; N, 
8-9%). trans-3-Benzamidocyclohexyl toluene-p-sulphonate was obtained as described for the 
2-isomer.® Crystallisation from warm (<40°) benzene gave plates, m. p. 111° (Found: C, 
64-5; H, 6-1; N, 3-6; S, 8-5. C,9H,,0,NS requires C, 64-3; H, 6-2; N, 3-8; S, 8-6%). 

3-Acetamidocyclohexanone.—The cis-, the trans-, and the epimeric mixture of acetamido- 
cyclohexanols were oxidised with chromic acid in acetic acid in the usual way during 24 hr. 
Isolation of the products with chloroform and crystallisation from benzene gave, in each case, 
the ketone as prisms, m. p. 86° (Found: C, 62-3; H, 8-3; N, 9-1. C,H,,0,N requires C, 62-0; 
H, 8-4; N, 90%). The 2: 4-dinitrophenylhydrazone separated from alcohol as needles, m. p. 
222—224° (decomp.) (Found: C, 50-4; H, 5-1; N, 20-6. C,,H,,0,;N, requires C, 50-2; H, 
5-1; N, 20-9%). 3-Acetamidocyclohexanone (2-5 g.) was reduced under atmospheric conditions 
in acetic acid (20 ml.) with platinic oxide (0-04 g.). After 5 hr. absorption ceased (1-1 mol.). 
From the product cis-3-acetamidocyclohexanol (0-5 g.) was isolated and the residue afforded 
trans-3-benzamidocyclohexanol (0-7 g.). 

Reactions with Nitrous Acid.—(a) cis-3-Aminocyclohexanol (3-0 g.) in water (20 ml.) and 
acetic acid (5 ml.) was treated with a solution of sodium nitrite (3-0 g.) in water. After 4 hr. 
the solution (A) was treated with sulphamic acid and extracted with ether, and the extract 
washed with aqueous sodium hydrogen carbonate, dried, and reduced by lithium aluminium 
hydride. After 30 min. the mixture was worked up in the usual way, and the product isolated 
with ether and esterified with 3 : 5-dinitrobenzoyl chloride in pyridine. Isolation in the usual 
manner and repeated crystallisation from light petroleum gave, in addition to an unidentified 
higher-melting product, the ester of hex-5-en-1l-ol, m. p. 42—43° (Found: C, 52-8; H, 4-4; N, 
9-5. C,3H,O,N, requires C, 53-1; H, 4-8; N, 9-5%). Bands at 912 and 988 cm. (in CS,)- 
are assigned to=CH,. A sample was similarly prepared from hex-5-enoic acid }® and had m. p. 
and mixed m. p. 42—43° with the above sample. The solution (A) was exhausted with ether : 
the residue gave cis-cyclohexane-1 : 3-diol (0-45 g.) on crystallisation from acetone-light 
petroleum. The m. p. was undepressed on admixture with an authentic sample, m. p. 85—86°, 
prepared by separation of the benzoates obtained from the sodium—alcohol reduction of cyclo- 
hexane-1 : 3-dione. 

(b) cis-3-Aminocyclohexanol (0-2 g.) was treated as above and the exit gases passed through 

1® Linstead and Rydon, J., 1934, 1995. ~ 
5D 
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2: 4-dinitrophenylhydrazine sulphate solution. After 4 hr. a quantity of the reagent was 
added to the reaction mixture. The 2: 4-dinitrophenylhydrazone (0-2 g.) separated from 
methanol as orange plates, m. p. 96° (lit.,2° m. p. 94°) (Found: C, 52-2; H, 5-1; N, 19-8. Cale. 
for C,,H,,0O,N,: C, 51-8; H, 5-0; N, 20-2%), -CH, max. at 913 and 987 cm. (in CS,). ¢vans- 
3-Aminocyclohexanol was treated in the same way and gave 30% of the hexenal derivative. 
cis- and trans-1 : 3-Diaminocyclohexane gave the same product (m. p. and mixed m. p.) in 
similar yield. 

Reaction of 3-Benzamidocyclohexanols with Acid.—The cis- and the trans-benzamide (1-0 g.) 
were separately boiled with 15% aqueous sulphuric acid for 4 hr., 1 homogeneous solution being 
obtained. On cooling, some unchanged amide was deposited. The solution was basified and 
extracted with chloroform. Evaporation and crystallisation 1.0m light petroleum gave prisms, 
m. p. 102° (Found : C, 77-9; H, 7-7; N, 6-7. Calc. for C,;H,,UN : C, 77-6; H, 7-5; N, 7-0%). 
The base was recovered almost unchanged after being boiled with 10% aqueous sodium 
hydroxide or 10% sulphuric acid during Shr. After 48 hr. with the latter a quantity of benzoic 
acid was obtained. 

Reaction of trans-3-Benzamidocyclohexanol and Thionyl Chloride—The amide (1 g.) and 
thionyl chloride (3 ml.) were left for 3 hr. The mixture was decomposed with water, filtered 
from a little amorphous material, and boiled for 15 min. Basification, filtration, and crystallis- 
ation gave the base (0-7 g.), m. p. and mixed m. p. 102°. 

Isomerisation of trans-3-Benzamidocyclohexyl Toluene-p-sulphonate.—The ester (1-0 g.) was 
boiled in benzene (20 ml.) for 4 hr. Evaporation and crystallisation from benzene gave the 
salt, m. p. 88—89° (Found: N, 3-4; S, 8-1. Cyo9H,,0,NS requires N, 3-8; S, 8-6%). The free 
base, obtained in the usual way, had m. p. and mixed m. p. 102°. Solvolysis of the trans-3-benz- 
amidocyclohexyl ester was measured in absolute alcoholic potassium acetate as described by 
Winstein et al.'° 

Attempted Acyl Migrations.—cis-3-Acetamidocyclohexanol was left for 3 days in anhydrous 
methanolic hydrogen chloride at room temperature. Unchanged material was recovered, and 
quantitative study showed negligible absorption of acid. Similarly the benzamide was 
recovered unchanged after 30 days in acetone containing N-hydrogen chloride. 

Infrared Spectra.—Absorption spectra were measured in a 1 cm. cell in CCl, (unless other- 
wise stated) at concentrations ~0-01M, under the general conditions described previously." 


We are grateful to Dr. A. R. H. Cole for discussions about the infrared spectra. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. 
DEPARTMENT OF CHEMISTRY, UNIVERSITY OF WESTERN AUSTRALIA, 
NEDLANDS, WESTERN AUSTRALIA. [Received, February 25th, 1957.] 


20 Kharasch, Kuderna, and Nudenberg, J. Org. Chem., 1953, 18, 1225. 
21 Cole and Jefferies, J., 1956, 4391. 
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575. Syntheses of Protoberberine Alkaloids. 
By T. R. GoviInDAcHARI, S. RAJADURAI, M. SUBRAMANIAN, and N. VISWANATHAN. 


The synthesis of O-methylcapauridine, a new synthesis of (-+)-tetrahydro- 
palmatine, and asimplified synthesis of (+)-ophiocarpine are reported. 


SYNTHESIS of the hydroxyprotoberberine alkaloid, ophiocarpine, using a phthalide-dso- 
quinoline intermediate, was recorded recently. The present paper illustrates an extension 
of the method to syntheses of two protoberberine derivatives, O-methylcapauridine ? 
and (-+)-tetrahydropalmatine,® and a simpler synthesis of (-+-)-ophiocarpine.? 
Meconine-z-carboxyl chloride was condensed with mescaline, and the amide cyclised 
to a-(1:2:3:4tetrahydro-6 : 7 : 8-trimethoxy-l-isoquinolylidene)meconine (Ia). This 
was reduced catalytically to the impure tetrahydrosoquinolyl compound (IIa) and then 
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by lithium aluminium hydride to a mixture of the two diastereoisomeric 13-hydroxy- 
1:2:3:9:10-pentamethoxyprotoberberines (IIIa), one of which was _ properly 
characterised. Treatment of the hydroxy-compound (IIIa) with thionyl chloride and 
hydrogenation afforded O-methylcapauridine (IIIb), identical with an authentic specimen. 

Repetition of the sequence with 3: 4-dimethoxyphenethylamine yielded (--)-tetra- 
hydropalmatine (IIId), through the intermediates (Ib), (IIb), and (IIIc), both pairs of 
diastereoisomers represented by (IIb) and (IIIc) being isolated and characterised. 

Reduction of the product (IV) with lithium aluminium hydride yielded ophiocarpine 
(V) directly. 

The syntheses described so far illustrate the general utility of the method for synthesis 
of the protoberberines, provided. appropriately substituted phthalidecarboxylic acids 
are available. 


1 Govindachari and Rajadurai, J., 1957, 557. 
* Manske and Holmes, J]. Amer. Chem. Soc., 1945, 67, 95. 
3 Spath, Mosettig, and Trothandl, Ber., 1923, 56, 877. 
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EXPERIMENTAL 


O - Methylcapauridine. — (a) N-3:4: 5-Trimethoxyphenethylmeconine - «- carboxyamide. 
Meconine-«-carboxyl chloride * (from 2-2 g. of acid) in dry benzene (25 ml.) was added dropwise 
to a stirred mixture of mescaline (2 g.) (prepared according to directions of Benington and 
Morin * and distilled, the fraction of b. p. 150—155°/5 mm. being used), benzene (25 ml.), and 
n-sodium hydroxide (11 ml.), cooled in ice. The mixture was shaken for 3 hr. at 30° and left 
overnight. The benzene layer was washed with 2n-hydrochloric acid, saturated sodium 
hydrogen carbonate solution, and water, then concentrated at <50° and dried in vacuo. The 
residue crystallised under methanol (10 ml.) overnight. Recrystallisation from methanol 
yielded the amide (1-6—1-8 g.), m. p. 173—174° (Found : C, 61-6; H, 5-7; N, 3-6. C,,H,;O,N 
requires C, 61-3; H, 5-8; N, 3-2%). 

(b) a-(1: 2:3: 4-Tetrahydro-6 : 7 : 8-trimethoxy-1-isoquinolylidene)meconine (Ia). The pure 
amide (2 g.) was heated with phosphorus oxychloride (20 ml.) on a vigorously boiling water bath 
for 5 hr., then cooled and poured on crushed ice (400 g.). The solution was filtered, cooled in ice, 
and neutralised with 20% sodium hydroxide solution to pH 7—7-5. The yellow precipitate (1-1 
g.) was filtered off, washed with water, and dried im vacuo. (The yield was drastically reduced 
if impure samples of amide were used.) A part was recrystallised from cold methanol-ether, 
giving the tetrahydroisoquinolylidene derivative, m. p. 204° (preheated bath). It was dried 
below 50° above which it tended to decompose (Found: C, 61-1; H, 5-3. C,,.H,,0,N,H,O 
requires C, 61-3; H, 5-8%). 

(c) 13-Hydroxy-1:2:3:9: 10-pentamethoxyprotoberberine (IIIa). The preceding crude 
compound (2 g.) in glacial acetic acid (80 ml.) was shaken with Adams catalyst (0-1 g.) at a 
hydrogen pressure of 30 Ib./sq. in. till absorption ceased (l1—2 hr.). The solution was filtered 
and concentrated in vacuo below 60°. Water and 2N-ammonia were added and the precipitate 
was filtered off, washed, and dried, yielding the tetrahydrotsoquinoline (2 g.). The substance 
was heat-sensitive and did not crystallise. 

The tetrahydroisoquinoline (1-2 g.) (Ila), in tetrahydrofuran (20 ml.) and ether (20 ml.), was 
added with stirring to lithium aluminium hydride (1 g.) in ether (100 ml.), and the mixture was 
stirred for l hr. The product was worked up as usual, and the ether—tetrahydrofuran solution 
after evaporation left 0-7 g. of material. A part of it was chromatographed in benzene on 
alumina; the earlier eluates gave a substance which, recrystallised from methanol-—ether, 
yielded the hydroxyprotoberberine (IIIa), m. p. 183° (Found: C, 65-3; H, 6-6. C,,H,,O,N 
requires C, 65-8; H, 6-7%). 

(d) O-Methylcapauridine (IIIb). The crude base from the previous reaction (0-2 g.) in dry 
chloroform (3 ml.) was gently refluxed for 10 min. with thionyl chloride (0-2 ml.), and the 
solution was left overnight at 30°. The solvent and thionyl chloride were removed in vacuo. 
The residue was decomposed with sodium hydrogen carbonate solution and immediately 
extracted with chloroform. The extract was evaporated in vacuo at 30°, and the residue was 
shaken in ethanol (40 ml.) with Adams catalyst (0-1 g.) under a hydrogen pressure of 30 Ib. /sq. 
in. After 3 hr. the solution was filtered and concentrated im vacuo. Sodium hydrogen car- 
bonate solution was added to the residue and the mixture was extracted with chloroform. 
The chloroform solution was concentrated in vacuo, and the residue was chromatographed in 
dry chloroform on alumina. The first 50 ml. of the eluate gave a substance which on recrystal- 
lisation from methanol-ether yielded O-methylcapauridine (IIIb) (7 mg.), m. p. and mixed m. p. 
137—140° (Found: C, 68-4; H, 7-0. C,,H,,O;N requires C, 68-6; H, 7-0%). 

Tetrahydropalmatine.—(a) N-3 : 4-Dimethoxyphenethylmeconine-a-carboxyamide. The amide 
was prepared from meconine-a-carboxyl chloride (from 2-2 g. of the acid) and 3 : 4-dimethoxy- 
phenethylamine (2 g.) according to the procedure described above. The residue after removal 
of the benzene in vacuo crystallised from cold methanol, to give needles of the amide (1-1—1-5 g.), 
m. p. 144—145° (Found: C, 63-1; H, 5-9. C,,H,,;0,N requires C, 62-9; H, 5-7%). The 
amide was sensitive to heat, being converted into an uncyclisable isomer. 

(b) a-(1: 2:3: 4-Tetrahydro-6 : 7-dimethoxy-1-isoquinolyl)meconine (IIb). The amide (2 g.) 
was cyclised with phosphorus oxychloride (20 ml.) as above. The precipitated isoquinolylidene 
derivative (Ib) was filtered off quickly and washed with water. It rapidly darkened and was 


* Perkin, Ray, and Robinson; J., 1925, 740. 
® Benington and Morin, J. Amer. Chem. Soc., 1951, 78, 1353. 
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immediately reduced with Adams catalyst (0-1 g.) as above. The solution was filtered and the 
acetic acid removed im vacuo below 60°. The residual gum was basified with concentrated 
aqueous ammonia. The yellow solid was filtered off, washed with water, and dried in vacuo 
at 30°, to give the tetrahydro-base (IIb) (0-5 g.). This was digested with dry ether. The ether 
solution was filtered and treated with dry hydrogen chloride; the precipitated hydrochloride, 
recrystallised from alcohol—-ether in the cold, had m. p. 204° (Found: C, 59-8; H, 5-5. 
C.,H,4,O,NCl requires C, 59-8; H, 5-7%). The ether-insoluble residue was crystallised from 
benzene—light petroleum (b. p. 40—60°), to give pale yellow crystals of the diastereoisomeric 
base, m. p. 142—144° (Found: C, 65-9; H, 5-8. C,,H,,0,N requires C, 65-5; H, 6-0%), 
yielding a hygroscopic hydrochloride. 

(c) 13-Hydroxy-2: 3:9: 10-tetramethoxyprotoberberine (IIIc). The crude tetrahydroiso- 
quinoline (0-5 g.) in tetrahydrofuran (5 ml.)—ether (20 ml.) was reduced as before with lithium 
aluminium hydride (1 g.) in ether (50 ml.), to give a red gum (0-4g.). A portion of this solidified 
on addition of methanol (2 ml.) and was filtered off and crystallised from benzene, to give 
colourless needles of one of the hydroxyprotoberberines, m. p. 186° (Found: C, 64-4; H, 6-9. 
C.,H,,0;N,H,O requires C, 64-8; H, 6-9%). The methanol solution on evaporation left a 
reddish gum which, after passage of its chloroform solution through alumina and crystallisation 
from ether-light petroleum (b. p. 40—60°), gave pale yellow crystals of the second hydroxy- 
protoberberine, m. p. 158° (Found: C, 68-3; H, 6-3. C,,H,,;0;N requires C, 67-9; H, 6-7%). 

(d) Tetrahydropalmatine (IIId). The crude hydroxyprotoberberine mixture (0-2 g.) in dry 
chloroform (10 ml.) was treated with thionyl chloride (0-2 ml.) as before. Reduction of the 
product with Adams catalyst (0-1 g.) and chromatography in chloroform on alumina yielded 
tetrahydropalmatine (IIId) (10 mg.), pale yellow crystals (from ether), m. p. 147—148°, 
alone or when mixed with a sample prepared by the demethylenation and methylation of 
(+)-tetrahydroberberine * (Found: C, 70-6; H, 6-6. C,,H,,O,N requires C, 71-0; H, 7-0%). 

Ophiocarpine (V).—a-(1: 2:3: 4-Tetrahydro-6:7-methylenedioxy - 1 -isoquinolylidene)- 
meconine }+* (IV) (0-6 g.) in tetrahydrofuran (5 ml.) and ether (10 ml.) was added dropwise 
with stirring to lithium aluminium hydride (0-6 g.) in ether (50 ml.). The mixture was stirred 
for an hour and left overnight. The lithium complex was decomposed with wet ether (200 ml.). 
The ether solution on evaporation left a red gum, part of which crystallised on the addition of 
a little methanol (2 ml.). The precipitate was filtered off and crystallised from chloroform- 
methanol, to give colourless needles of ophiocarpine-a * (20 mg.), m. p. and mixed m. p. 252°. 
Evaporation of the methanolic filtrate, chromatography of the residual gum in chloroform on 
alumina, and crystallisation from a small volume of methanol gave ophiocarpine-b ! (30 mg.), 
m. p. and mixed m. p. 176°. 


We thank Dr. R. H. F. Manske for gift of O-methylcapauridine, the Government of Madras 
fdr Research Assistantships (to S. R. and M.S.), and the University of Madras for a student- 
ship (to N. V.). 


PRESIDENCY COLLEGE, MADRAS. [Received, February 28th, 1957.) 


* Spath and Mosettig, Ber., 1926, 59, 1496. 
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576. The Solvolysis of Arylmethyl Chlorides. Part II.* A Molecular- 
orbital Treatment and Further Experimental Evidence of the Transition 
from the Limiting to the Fully Nucleophil-assisted Mechanism. 


By M. J. S. Dewar and R. J. SAMPson. 


The rates of solvolysis of 2-chloromethylchrysene and 2-chloromethyl- 
triphenylene, and a revised value for that of benzyl chloride in moist formic 
acid at 25°, have been obtained. The rates of solvolysis of a number of 
arylmethyl] chlorides in 80% ethanol at 50° are reported. 

A molecular-orbital treatment for the transition from the limiting to the 
fully nucleophil-assisted mechanism is given and shown to agree qualitatively 
with experiment. There is some experimental evidence that in a fixed 
solvent, giving rise to a transition mechanism, those arylmethyl chlorides 
of higher reactivity accept less nucleophilic assistance. An explanation of 
this behaviour, based on the same molecular orbital treatment, is advanced. 


EXPERIMENTAL 

Starting Materials—2-Hydroxymethylchrysene (1). 2-Acetylchrysene ? (1-00 g.) was stirred 
with dioxan ¢ (50 ml.), sodium hypochlorite solution (2-5% of available chlorine; 50 ml.) and 
benzene (5 ml.) under reflux on a boiling-water bath. A further 50 ml. of sodium hypochlorite 
solution were added during 90 min., and refluxing was then continued for 4 hr. The benzene 
was boiled off and excess of solid sodium hydrogen sulphite was added to the cooled solution. 
The precipitate was collected, boiled with 0-5n-hydrochloric acid, and filtered off. The 
resultant chrysene-2-carboxylic acid (0-92 g., 92%) recrystallized from dioxan in white needles, 
m. p. >300° (lit., 314°); on treatment in chloroform with diazomethane it yielded methyl 
chrysene-2-carboxylate, needles, m. p. 148° (from ethanol) (Found: C, 83-6; H, 5-0. C,9H,,0, 
requires C, 83-9; H, 4-9%). This ester (1-34 g.), dissolved in boiling ether (1 1.), was treated 


CH zr OH 


eee 
OD 


(1) 





with lithium aluminium hydride (0-4 g.) in ether. Working up in the normal manner gave an 
almost quantitative yield of 2-hydroxymethylchrysene which recrystallized from benzene in 
needles, m. p. 207—207-5° (Found: C, 88-2; H, 5-5. C,,H,,O requires C, 88-3; H, 5-5%). 

2-Chloromethylchrysene.—The foregoing alcohol (0-10 g.) was refluxed in benzene (50 ml.) 
with thionyl chloride (2 ml.) for 1 hr. Most of the solvent was distilled off, and 2-chloromethyl- 
chrysene crystallized as needles, m. p. 202—203-5°, from benzene (Found: C, 82-5; H, 5-1; 
Cl, 12-8. Cy, gH,,;Cl requires C, 82-4; H, 4-7; Cl, 12-8%). 

2-Chloromethyliriphenylene (II).—Methy] triphenylene-2-carboxylate (obtained in the same 
manner as the chrysene analogue) recrystallized from ethanol in needles, m. p. 174° (lit., 171— 
172°). Reduction, as for the chrysene analogue, gave 2-hydroxymethyltriphenylenylene, prisms, 
m. p. 149-5—151° [from benzene-light petroleum (b. p. 60—80°)] (Found: C, 88-3; H, 5-7. 
Cy 9H,,O requires C, 88-3; H, 5-7%). This was treated with thionyl chloride as above, except 
that refluxing was for 2 hr. The solvent and excess of thionyl chloride were evaporated at 


* The paper by Dewar and Sampson (J., 1956, 2789) is to be regarded as Part I. 

t Dioxan (“ AnalaR ”’) was stirred with one-fifth of its volume of sodium hypochlorite solution (10% 
of available chlorine) on a boiling-water bath for 2 hr. After cooling, the organic layer was separated 
and distilled, reduction to low bulk being avoided. 


1 Carruthers, J., 1953, 3486. 
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reduced pressure, and the resultant solid was passed in benzene through alumina (2 x 2 cm.), 
then recrystallized from light petroleum (b. p. 100—120°) as needles, m. p. 120—122° (decomp.) 
(Found: C, 82-6; H, 4-7; Cl, 12-7. C,)H,,Cl requires C, 82-4; H, 4-7; Cl, 12-8%). 

Benzyl chloride? had b. p. 70°/12 mm., m§ 1-544] (lit., ni®* 1-5415) (Found: C, 66-4; 
H, 5-7; Cl, 28-0. Calc. for C,H,Cl: C, 66-4; H, 5-6; Cl, 28-0%). 

The other materials were as previously described.’ 

Kinetics.—The rate constants, k,, for the solvolysis in formic acid (water content 0-38m) 
of benzyl chloride and 2-chloromethyltriphenylene were obtained from the initial rates of 
increase in electrical conductance as previously described.? 2-Chloromethylchrysene was not 
perceptibly soluble in this solvent. However the experimental values of K and &, determined 
from the equilibrium and the approach to equilibrium, when 2-hydroxymethylchrysene was 
dissolved in the formic acid containing hydrogen chloride, permitted calculation of the value 
of k, by using the equations: & = k, + k,{[HCl]; and K = k,[H,O]/k,. The symbols have the 
meanings previously defined.® 


TABLE 1. Rate constants for solvolysis in moist formic acid (0-38M in water) at 25°. 


Ar in Ar-CH,Cl , k, (sec.-*) 
PIE |. csiceanuscosessdbacssterenstnscsssoumnerceunsiasies 1-51 1-1(5) x 10-¢ 
S-Friphenytomyl ..<.cccccscscessossccsescncesscccvecssvese 1-46 37 x 10% 
DES ansitidcncensscapesentaiuntiambbeeesenies 1-28 1$ x ie 


The rate for benzyl chloride is much smaller than that (2-9 x 10-7) reported by Evans and 
Hamann.‘ Using carefully fractionated commercial benzyl chlorides we obtained an initial 
rate of formation of hydrogen chloride corresponding approximately to their rate constant, 
but the rate of generation of hydrogen chloride fell off more rapidly with time than expected. 
We believe this behaviour to be due to traces of an impurity (probably Ph-CHCl,), not entirely 
removed by fractionation, in the commercial product. 

80% Aqueous ethanol was obtained .by weighing, as described by Winstein, Grunwald, and 
Jones. Kinetic runs in this solvent were performed at 50-0° in an oil-filled thermostat which 
maintained a temperature constant within +0-02°. In a run a weighed amount of the aryl- 
methyl chloride was added to a flask (with a B14 neck) containing the solvent. Generally 
concentrations of about 10m were used, but the limited solubilities of some compounds (e.g., 
2-chloromethylchrysene) necessitated the use of concentrations down to about 3 x 10M. 
The flask was swirled until the arylmethyl chloride has dissolved. At recorded times 10 ml. 
portions of the solution were withdrawn by pipette, discharged into acetone (35 ml.) containing 
lacmoid, and titrated with a solution of triethylamine (concentrations varying from m/40 to 
M/160 in different runs) in toluene. Runs were followed for at least two half-lives, and infinity 
readings were taken after about 10 half-lives. Values of k,, calculated in the normal manner, 
remained constant in each run within experimental error. In general two runs were performed 
on each substance, and the rate constants from independent runs differed by less than 2% from 
the mean. 


TABLE 2. Rate constants for solvolysis of arylmethyl chlorides in 80% ethanol at 50°. 


Ar in ArCl her 10%, (sec.—) Ar in ArCl aor 10%, (sen —1) 
PONTE ecncesccicccececssece 1-51 2-2 * 1-Phenanthryl ............ 1-36 6-9 
2-Phenanthryl ............ 1-47 3-9 1-Naphthyl  ............+8. 1-34 9-4 
2-Naphthyl _ ............... 1-46 4-3 9-Phenanthryl ............ 1-34 7-9 
2-Triphenyleny] ............ 1-46 4-2 6-Chrysenyl  ...........0006 1-28 42 
3-Phenanthryl ............ 1-43 6-9 


* Taken from Winstein, Grunwald, and Jones.°® 


RELATIVE RATES OF NUCLEOPHIL-ASSISTED REPLACEMENTS ON ARYLMETHYL CHLORIDES 


The customarily postulated transition state for the Sy2-type replacement is shown 
in Fig. 1. The group Ar-CH, is planar, and the line joining the incoming nucleophil, 


* ‘‘ Organic Reactions,” Vol. I, p. 67. 

’ Dewar and Sampson, /., 1956, 2789. 

4 Evans and Hamann, Trans. Faraday Soc., 1951, 47, 25. 

5 Winstein, Grunwald, and Jones, J. Amer. Chem. Soc., 1951, 78, 2700. 
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the carbon atom at which replacement is occurring, and the displaced group is perpendicular 
to the plane of the aromatic system. 

In view of the considerations previously given *.concerning the contributions to the 
free energy of activation by entropy and certain energy terms, the problem is the 
calculation of the variation of the energy of interaction of the nucleophil and the displaced 
group with the remainder of the system when (a) the configuration of the transition state 
(i.e., the degree of nucleophilic participation) remains constant, but the nature of Ar 
varies, and (b) the configuration of the transition state varies also. 

In treating the energetics of this system it is convenient to consider initially its iso- 
conjugate hydrocarbon, in which both the incoming nucleophil and the displaced groups 
are methyl anions. All three species are then odd alternant hydrocarbons, and so each 
contains a non-bonding molecular orbital. The only first-order interactions will be 
between these orbitals.6 The conjugation energy resulting from the interaction of those 
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orbitals (¥, and ¥3) of the methyl anions with that (‘f’,) of the group Ar-CH, will stabilize 
the transition state. On the usual notation, the energies of the perturbed orbitals are 
related by the secular equation : 


det|H,,s — ES,| =0 > far, (ane Aen ale 


As is usual, the overlap and resonance integrals between non-adjacent atoms will be 
neglected, so that 

Sig = Sgg = Sig = 9; Hy = 9 . . . e . . (2) 
Then, by solving equation (1) and writing « for the coulomb integral of carbon, so that 
H\, = «, the following results are obtained : 


a—E=0; «e—E=4/+7(A,,? + A;°) ~S wv “Oe 

The non-bonding orbital, ‘Y,, of Ar‘CH,, may be expanded in terms of its atomic orbitals : 
Py = daoivi 5a: 2 kk) Wie eck’ obs ee 
whence Hy, = | (Saoivi)H $odrt 5 ne , Wil sae Ma, 


Since only r, the side-chain carbon atom, is adjacent to 45, equation (5) reduces to 


Siow facie yds = aorPys eae 


where (,, is the resonance integral between the side-chain carbon atom and one methyl 
anion. 
Similarly ed ee ee ee 


®* Dewar, ]. Amer. Chem. Soc., 1952, 74, 3341. 
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Substituting results (6) and (7) in equation (3), and remembering that energies are reckoned 
relative to that («) of a carbon 2f atomic orbital, we have : 


E =0; E = +éorV(Bis? + Bs?) - - - ss (8) 


The four electrons contained in these new orbitals will doubly occupy the two orbitals 
of lowest energy and the change in delocalization energy (Fig. 2) is accordingly: 
—2aorV/(B 49” + B33”). 

We have previously shown * that when an extracyclic carbon atom is placed in con- 
jugation with an aryl system the change, AE,, in x-energy is given by : 


AR,=mB4+One . s . weisc i e @ 


Hence the total change, AE,”, in x-energy and delocalization energy for the solvolysis 
with nucleophilic assistance is : 


AE,® = B + 22oB — Zagey/(Bio" + 3”) it's Sow Gi 
i, AEX = B+ 2anf8 —V(8ie2 + Bs} =. - . - -. (AD) 
This equation may be written in the form : 
AE, = B + 2ao:Bea pe le © o 2 
where Bem = B -- +/(By2” + 8457) se ew ew ew e & 


In our previous paper * we interpreted solvolysis results in terms of equation (9); it 
is now apparent that this equation, derived for a limiting process, should still hold in the 
nucleophil-assisted case, provided that 8 is replaced by a parameter 8.¢, given by equation 
(13). Since 8,, and $3 will increase with increasing nucleophilic assistance, ®., will 
decrease. The maximum value of 8,.¢ will be observed in a limiting reaction, and the 
decreases in the values of 8.¢ found for non-limiting reactions should be measures of the 
extent of nucleophilic participation. 

The model we have been considering is of course oversimplified in that the entering and 
replaced groups are more electronegative than methyl anions. This will have an influence, 
the magnitude of which cannot at present be calculated. However, the qualitative 
conclusion should remain unaltered; that is, the greater the nucleophilic assistance, 
the smaller Ber. 

Comparison with Experiment.—Fig. 3 is a plot of the values of 2a,, against —log hk, 
for the solvolysis of arylmethyl chlorides in moist formic acid (water 0-38m). The values 
for k, are taken from this and our previous paper. The slope corresponds to the value 
Bee = 33 kcal. The distance between the lines for benzene-type and 1-naphthalene- 
type positions is 0-075 8.~, and so the strain energy of the 1-naphthalene-type transition 
states is 2-5 kcal. There is no evidence of nucleophilic assistance for the solvolysis in this 
medium. 

For the solvent: formic acid, 54-1; water, 6-1; dioxan, 39°8%; Bee is 20 kcal.%? 
We previously suggested that this fall was due to nucleophilic participation; this paper 
puts this idea on a sounder theoretical footing. That participation should take place here 
is not surprising since in comparison with moist formic acid the high proportion of dioxan 
will result in the solvent having a much reduced ionising power, and the relatively high 
water content will provide a potentially nucleophilic component. In this solvent the 
strain-energy of the l-naphthalene-type transition states is 1-5 kcal. A possible explan- 
ation of the smallness of this strain energy compared with that (2-5 kcal.) in moist formic 
acid is that in the mixed solvent the transition state is not quite symmetrical, and the 


7 Fierens, Hannaert, Van Rysselberge, and Martin, Helv. Chim. Acta, 1955, 38, 2009. 
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Ar-CH, portion not quite planar, and so not subject to such intense strain. If this is the 
case the full energy gain expected on the assumption that Ar-CH, is planar will not be 
achieved in the transition state. This presumably would in turn contribute to the lowness 
of the magnitude of B.¢. 


Fic. 3. Relation between 2ao, and the logarithm of the solvolysis rates of arylmethyl chlorides in moist 
formic acid (water 0-38m), at 25°. 
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Ar = 1, Ph; 2, 2-phenanthryl; 3, 2-naphthyl; 4, 2-triphenylenyl; 5, 3-phenanthryl; 6, 1-phenanthryl; 
7, 1-naphthyl; 8, 9-phenanthryl; 9, 2-chrysenyl. 


Fic. 5. Solvolysis of arylmethyl chlorides in 
the system: water, 5-8; formic acid, 
34:0; dioxan, 60-:2% ; at 25°. 


Fic. 4. Solvolysis of arylmethyl chlorides 
in 80% ethanol at 50°. (Key as Fig. 3.) / 
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Fig. 4 is the plot of 2a,, against —log k, for the solvolysis in 80% ethanol. Here Beg 
falls even lower, to 9-5 kcal., suggesting that nucleophilic participation is even stronger, 
as one would expect. The strain of the 1-naphthalene-type transition states is only 0-7 
kcal. The remarks concerning the magnitude of this strain in the previous solvent apply 
equally well here. 
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Using the data of Fierens, Hannaert, Van Rysselberge, and Martin’ we previously 
showed * that the value of 8.~ for the exchange by arylmethyl chlorides of chloride for 
iodide in anhydrous acetone is 5 kcal. This solvent deters ionization to such an extent, 
and the iodide ion is such a strong nucleophil, that there can be no doubt that this reaction 
is typically Sy2, with full nucleophilic assistance. The variation of ®._ is thus in full 
agreement with theory. 

Table 3 summarizes the above findings. 


TABLE 3. 
ky Strain energy of l-naphthalene- Character of 
Reaction environment (kcal.) type transition states reaction 
Moist formic OCIA  ccccecccccccccccccccccccccscscess 33 2-5 Limiting 
Water 6-1; formic acid 54-1; dioxan 39-8% 20 15 Transitional 
BGansk GOW, 5s WRT BO ccnccccccecccccscccse 9-5 0-7 ‘a 
Iodide ions in anhyd. acetone ...........s+0000. 5 — Fully assisted 


Evidence for the Change of Mechanism in a Fixed Solvent.—In this discussion * of the 
solvolysis in formic acid it was mentioned that there is no evidence for change of mechanism 


Fic. 6. 














re) Mechanism (4')— | 


along the series. Fig. 4 shows that solvolysis of 2-chloromethylchrysene in 80% ethanol 
is faster than would be expected. Moreover, Fierens e¢ al.? measured the rates of 
solvolysis of a number of arylmethyl chlorides, including the highly reactive 3-pyrenyl, 
1 : 2-benzo-10-anthryl and 9-anthryl compounds, in the solvent : water, 5-8; formic acid, 
34-0; dioxan, 60-2%. The logarithms of their rate constants are plotted against the 
corresponding values of 2a,, in Fig. 5. Once again the theory breaks down, for the more 
reactive compounds undergo solvolysis faster than expected. Similar deviations occur 
when arylmethyl chlorides of a wide range of reactivity are solvolyzed in water—dioxan.® 
Evidently 8.~ for a given solvent is greater for more reactive compounds than for less 
reactive compounds. 
If +/(8:2” + 815”) is written as 8’, this equation (10) becomes : 


AE,® = B + 2aor8 — 2aor8’ Se ee 


The terms of this equation are shown diagrammatically for the two compounds Ar’*CH,Cl 
(highly reactive) and Ar’’*CH,C] (relatively inert) in Fig. 6, which is a plot of AF,” against 
8’ (t.¢., against mechanism). Suppose in a given environment the combined effects of 
ionizing power and nucleophilicity make (for the less reactive compound) the energetically 
most favourable mechanism that corresponding to ~’ =z. Slightly less nucleophilic 
assistance (8’ = x) would results in a large loss, 8E, of stabilizing energy for this compound. 


* From data personally communicated by Fierens and Martin. 
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For the more reactive compound, however, the diagram shows that the corresponding 
loss would be considerably smaller, and could be compensated by the accompanying 
favourable change in solvation energy (which for a given mechanism and environment 
is assumed to be independent of the arylmethyl chloride). It is immediately clear that 
less reactive compounds should be more susceptible to nucleophilic assistance than the 
more reactive compounds. We have seen that this is borne out by experiment. 

The term 2a,,8’ of equation (14) represents the energy of nucleophilic assistance. 
In view of the above discussion it is now apparent that the factor 2a,, is a measure of the 
susceptibility of the compound towards nucleophilic assistance, and the factor 8’ is a 
function of the environment which represents the latter’s nucleophilic power. 


DEPARTMENT OF CHEMISTRY, 
QuEEN Mary CoLiece, Lonpon, E.1. [Received, December 4th, 1956.]} 


577. The Solvolysis of Arylmethyl Chlorides. Part III.* Further 
Demonstration of Retardation of Solvolysis Rates of peri-Compounds. 


By M. J. S. DEwar and R. J. SAMPSON. 


The rates of ethanolysis of several 2-aryl-2-chloropropanes have been 
measured at 0°. The retardation of the rates of solvolysis of the peri- 
compounds (i.e., l-naphthalene type), previously observed in the aryl- 
methyl chloride series,:* is here even more pronounced. This is inter- 
preted as due to steric restriction in the transition state of the peri-com- 
pounds, which is more intense in the present series where the side-chains 
carry the more bulky methyl groups. 


Experimental.—2-Chloro-2-2’-naphthylpropane. 2-2’-Naphthyl-propan-2-ol was prepared 
as described by Fieser and Chang ® and had the recorded properties. This (9-3 g.), anhydrous 
benzene (15 ml.), and pyridine (1 drop) were stirred at 5° and thionyl chloride (3-9 ml.) was 
added. The mixture was warmed to 80° for 10 min. while a stream of nitrogen was passed 
through it. The solvent was distilled at reduced pressure and the residue in vacuo, yielding, 
at 132—134°/0-7 mm., 2-isopropenylnaphthalene (7-55 g., 90%), m. p. 54—54-5° (lit., 46—47°, 
56°). Dry hydrogen chloride was bubbled slowly for 30 min. into a solution of 2-isopropenyl- 
naphthalene (1-0 g.) in ether (80 ml.) at —20° to —10°. After 18 hr. at 0° the solvent was 
distilled at room temperature, yielding a white crystalline residue, m. p. 34—36°, of crude 
2-chloro-2-2’-naphthylpropane. The high solubility of this compound precluded its recrystal- 
lization from a number of solvents; from light petroleum (b. p. 40—60°) it formed poorly 
defined crystals whose m. p. was the same as that of the material first isolated. It decomposed 
on storage. It contained 95% of the theoretically required chlorine. Consequently, when 
required for kinetic measurements, the chloride was used immediately after removal of the 
solvent in which it was prepared. 

2-Chloro-2-1'-naphthylpropane. 2-1’-Naphthylprop2n-2-ol, obtained analogously to the 
2-isomer, formed colourless needles, m. p. 83—85° ‘lit., 86°) from ether-light petroleum (b. p. 
40—60°). Conversion of this material into the chloride was carried out in the same way as 
the conversion of 2-isopropenylnaphthalene. 

2-Chloro-2-1’-naphthylpropane was also prepared from the alcohol via 1-isopropenyl- 
naphthalene, as for the 2-isomer. The isopropenyl compound, obtained in excellent yield, had 
b. p. 100—102°/0-35 mm., nj? 1-6140. 

The chlorides were both used for kinetic measurements immediately after preparation. 
The rate constants were not different by more than the experimental error (see Table). 

The other chlorides were obtained in the same way from the corresponding alcohols, and 


* Part II, preceding paper. 


1 Dewar and Sampson, J., 1956, 2789. 
* Dewar and Sampson, preceding paper. 
* Fieser and Chang, J. Amer. Chem. Soc., 1942, 64, 2043. 
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in one case also from the corresponding isopropenyl compound. In general the products 
contained 85—95% of the theoretically required chlorine. 

2-2’-Phenanthrylpropan-2-ol. 2-Acetylphenanthrene* in benzene was added to methyl- 
magnesium iodide (1-1 mol.) in ether, and refluxed for 30 min. Hydrolysis with aqueous 
ammonium chloride gave a good yield of 2-2’-phenanthrylpropan-2-ol, colourless needles, m. p. 
108—109° (lit., 97 99°) from light petroleum (b. p. 80—100°) (Found: C, 86-5; H, 7-1. Calc. 
for C,,H,,0: C, 86-4; H, 6-8%). 

In a preliminary experiment the Grignard complex was hydrolyzed with 0-5N-sulphuric 
acid, and the product (50%), obtained by chromatography on alumina from benzene, formed 
colourless plates, m. p. 183-5—184-5° (from dioxan-ethanol). This was probably 2-isopropenyl- 
phenanthrene dimer (Found: C, 93-3; H, 6-7%; M, 408. (C3,H,, requires C, 93-5; H, 6.5%; 
M, 437). 

2-3’-Phenanthrylpropan-2-ol. This was made by the same method as the 2-phenanthryl 
isomer. It formed white needles, m. p. 100—101°, from light petroleum (b. p. 60—80°) (Found : 
C, 86:3; H, 7:0%). On distillation it yielded at 182—184°/0-1 mm. an extremely viscous 
syrup, probably 3-isopropenylphenanthrene. Both it and the alcohol were converted into the 
chloride for kinetic runs. 

2-1’-Phenanthrylpropan-2-ol. Methyl 1-phenanthroate + in benzene was added to methyl- 
magnesium iodide (4 mols.) in ether. After 30 minutes’ refluxing the product was isolated 
as above and recrystallized repeatedly from 1:1 benzene-light petroleum (b. p. 80—100°), 
from which it formed colourless needles, m. p. 103—107° (decomp.). Its analysis was 1% low 
in carbon, so it was presumably contaminated with the starting material. 

2-9’-Phenanthrylpropan-2-ol. This alcohol was obtained from methyl 9-phenanthroate } 
as for the l-phenanthrylisomer. It recrystallized from benzene-light petroleum (b. p. 80—100°) 
in colourless needles, m. p. 86—89° (Found: C, 86-7; H, 7-2%). 

Kinetics. The requisite amount of the chloride was prepared in the flask to be used for the 
kinetic work. After removal of the solvent, this flask was placed in a Dewar flask containing 
ice and water. Ethanol (105 ml.; dried by Lund and Bjerrum’s method §) at 0° was added, 
and the flask swirled until the chloride had dissolved, giving a solution of concentration about 
5 x 10°m. Samples (10 ml.) were removed and quenched in acetone (35 ml.) at —5°. The 
liberated hydrogen chloride was titrated with a solution of ca. 0-01N-triethylamine in toluene 
(lacmoid). 

The reactions were followed for at least two half-lives, and a final reading, after at least 
ten half-lives, gave the initial concentration of chloride. The first-order rate constants, f,, 
calculated by application of the simple law, remained constant throughout to within experi- 
mental error. The results are summarized in the Table. 


Rates of ethanolysis at 0° of 2-aryl-2-chloropropanes. 


105%, (sec.-) 105%, (sec.-) 105%, (sec.~) 1052, (sec.-1) 
Aryl group (individual runs) (mean values) Aryl group (individual runs) (mean values) 
PRBS . ccccseecewes — 1-47 * 2-Phenanthryl... 12-5, 12-5 12-(5) 
1-Naphthyl ...... 6-86, 6-65 6-7(5) 3-Phenanthryl... 22-9, 24-9 23-(5) 
2-Naphthyl ...... 11-0, 11-5 11-(2) 9-Phenanthryl... 12-0 12-(0) 
1-Phenanthry] ... 4-83, 4-83 4-8(3) 


* Taken from Baddeley, Chadwick, and Taylor, J., 1956, 448. 


Discussion.—Tertiary chlorides are well known to be susceptible to solvolysis by the 
limiting (Syl) mechanism. Consequently it is likely that the highly reactive 2-aryl-2- 
chloropropanes studied in the present work will react by the limiting mechanism even in 
ethanol. 

The relative retardation in the rates of the limiting solvolysis of arylmethyl chlorides of 
“‘ 1-naphthalene ”’ type was interpreted} as due to strain, imposed by #eri-interaction, 
in some of the o-bonds in the ions Ar-CH,*. These ions tend to assume a planar configur- 
ation in order to enable maximum stability to be derived by conjugation. It appears in 
this case that full conjugation is achieved. However, examination of molecular models 


“ Mosettig and Van de Kamp, ibid., 1930, 52, 3704. 
* Lund and Bjerrum, Ber., 1931, 64, 210. 
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suggests that in the ions Ar-CMe,* (Ar = “ l-naphthalene ” type) fert-interaction will be 
even more serious, for to be completely free from o-strain the plane of the aromatic portion 
must be almost perpendicular to the plane containing the two methyl groups and the 
extracyclic carbon atom. It seems likely, then, that the o-energy increase necessary for 
planarity would be too great for compensation by the increased resonance energy. Conse- 
quently both the o-energy and the resonance energy of the transition state would be 
unfavourably influenced by the feri-interaction. 

The methyl groups of the ions Ar-CMe,* are hyperconjugated with the remainder of 
the system. The hyperconjugation energy, which contributes to the total resonance 
energy, is a function of the group Ar: but no reliable estimate of the variation of its magni- 
tude with the nature of Arcan be made. However, for the unhindered ions it is reasonably 
certain that the to’ | resonance energies of the ions Ar-CMe,* run parallel to those of the 
corresponding ions Ar-CH,*. Consequently in the Figure we have plotted —log hk, 
against 2d o,, Gor being the coefficient at the extracyclic carbon atom of the non-bonding 
molecular orbital 1 of the corresponding ion Ar-CH,*. Because of the hyperconjugation 
a comparison of the value obtained for 6.¢ from the Figure with the values obtained for 
the solvolysis of arylmethyl chlorides +? will not yield useful information. . 


Solvolysis of 2-aryl-2-chloropropanes 
in ethanol at 0-0°. 
1, Phenyl. 
2, 2-Phenanthryl. 
3, 2-Naphthyl. 











4, 3-Phenanthry]. 

140 5, 1-Phenanthry]l. 
6, 1-Naphthyl. 
7, 9-Phenanthryl. 

1354 Se) ‘)-Naphthalene’ 

7e 660 type 
3-5 40 45 5-0 
-log Rk, 


The Figure shows that the “ 1-naphthalene’’ compounds are greatly retarded in 
comparison with the unhindered compounds. Unfortunately the “ 1-naphthalene”’ 
compounds do not vary sufficiently in reactivity to permit an estimate of the fall in Bog 
(i.e., the fall in utilization of the potential conjugation) on passing to the “ 1-naphthalene ”’ 
compounds from the unhindered type. However, the order of magnitude of the retardation 
in the 2-aryl-2-chloropropane series compared with the arylmethyl chloride series (limiting 
conditions) ! is made clear by the following ratios of rate-constants : 


1-Chloromethylnaphthalene 44 x 10° 








2-Chloromethylnaphthalene 2-6 x 10% — 
2-Chloro-2-1'-naphthylpropane _ 6-75 xX 10° _ 0-60 
2-Chloro-2-2'-naphthylpropane 11:2 x 10° 


Thus the substitution of the methyl groups into the side-chain results in a reversed order 
of reactivity, and the l-naphthyl compound suffers a 17/06 or 28-fold additional 
retardation. 


DEPARTMENT OF CHEMISTRY, QUEEN MARY COLLEGE, 


Lonpon, E.1. (Received, December 4th, 1956.) 
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578. Marrubiin. Part I.1 Oxidation Products. 


By D. G. Harpy, W. Ricsy, and (in part) D. P. Moopy. 


Conditions are defined for the degradation of marrubiin, through tetra- 
hydromarrubiin, to the keto-lactone C,,H,,O,;: mew by-products are 
reported, notably a derivative of tetrahydrofurylacetaldehyde. Reactions 
of the keto-lactone are shown to be consistent with its formulation as (II). 
The major product of oxidation of marrubic acid by alkaline permanganate is 
the hydroxy-acid C,,H,,0,;; the simultaneous production of formic acid is 
consistent with degradation of a furan ring. Oxidation of the known keto- 
acid C,,H,,0, gives a hydroxy-keto-lactonic acid C,,H,,0, which can be 
decarboxylated with alkali to yield two hydroxy-keto-lactones C,,H.,0, : 
formule for these substances are discussed. 


It has long been known that marrubiin is a lactone and a tertiary alcohol, and that the 
lactone group is derived from a secondary alcohol group. The only compounds of known 
structure which have been obtained by degradation of marrubiin are 1 : 2 : 5-trimethyl- 
naphthalene,”»* acetone (in traces), and perhaps acetaldehyde. Lawson and Eustice,? 
and Hollis, Richards, and Robertson,* proposed the carbon skeleton (I) which is at present 
accepted, and Cocker, Cross, Duff, and Holley 5 suggested that the long side-chain carried 
a furan ring, accounting for the spectral properties and the loss of three carbon atoms on 
oxidation. 

Analogy leads to the suggestion that the carboxyl group of marrubic acid will be derived 
from a gem.-dimethyl group. We have found ! that marrubiin is a y-lactone (absorption 
maximum at 1780 cm." in CS,) (cf. Cocker e¢ al.*). 


cumeodooneones, 


CcO-O HO,C 
(11) (111) 


sieenanieiae was prepared by Lawson and Eustice ? and by Hollis, Richards, 
and Robertson * by hydrogenation of marrubiin. We find that the hydrogenation gives a 
60% yield of a tetrahydromarrubiin of m. p. 123-5° (ca. 10° lower than reported before ?> %) ; 
the remainder of the material is largely accounted for as two hexahydromarrubiins, m. p. 
80° and 154°, respectively, which presumably arise by opening of the hydrofuran ring. 
We have oxidised tetrahydromarrubic acid to the corresponding keto-acid and have 
worked out satisfactory conditions for the conversion of tetrahydromarrubiin into anhydro- 
tetrahydromarrubiin : anhydrotetrahydromarrubiin gives an epoxide, Cy 9H3,0,, when 
oxidised with potassium permanganate in acetic acid. 

By oxidising anhydromarrubiin Ghigi ’ obtained a compound C,,H,,03. As it seemed 
likely that the six carbon atoms lost in its formation represented the side chain, we have 
used this substance to investigate the ring system of marrubiin.! Anhydromarrubiin 
could only be prepared in moderate yield from marrubiin, and we find that the compound 
C,H 0, is best made by ozonolysis of anhydrotetrahydromarrubiin : the other product 


Cf. Hardy and Rigby, Chem. and Ind., 1953, 1150. 

Lawson and Eustice, J., 1939, 587. 

Hollis, Richards, and Robertson, Nature, 1939, 148, 604. 
Ghigi, Gazzetta, 1951, 81, 336. 

Cocker, Cross, Duff, ‘and Holley, Chem. and Ind., 1952, 827. 
Cocker, Cross, Duff, Edward, and Holley, J., 1953, 2540. 
Ghigi, Gazzetta, 1948, 78, 856. 
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of the ozonolysis should be a tetrahydrofurylacetaldehyde, and a 2: 4-dinitrophenyl- 
hydrazone of the appropriate empirical composition has been isolated. The compound 
C,4H 90, has an ultraviolet absorption maximum at 2950 A and infrared absorption 
maxima at 1782 and 1718 cm. (in CS,), indicating that it is a keto--lactone and 
suggesting its formulation as 8-hydroxy-l : 6: 10-trimethy!-5-oxodecalin-l-carboxylic 
lactone (II).<¢1}® In an attempt to confirm this formula, the lactone was hydrolysed to 
the acid (III), which was oxidised to 1 : 6: 10-trimethyl-5 : 8-dioxodecalin-1l-carboxylic 
acid (IV); this was dehydrogenated by selenium dioxide to a yellow compound 1 : 6: 10- 
trimethyl-5 : 8-dioxo-A®-octalin-l-carboxylic acid (V) which when reduced by zinc and 
acetic acid regenerated the diketo-acid (IV). Its absorption maximum at 2420 A is con- 
sistent with the formulation of the enedione as (V); the enedione system cannot be fully 
transoid.* If it is assumed that no rearrangements occur during the conversion of 
marrubiin into the keto-lactone (II), the formula of marrubiin will be (VI). 

When the diketo-acid (IV) was boiled with acetic anhydride, the mixed anhydride (VII) 
was formed. If sodium acetate was also present, the product was the lactol-acetate (VIII) 
together with some enol-lactone (IX); pyrolysis of the lactol acetate also gave the enol- 
lactone. 


C,H,0 


? | ei | 
CO-O ~O-COMe co-oO 
— (VII) CO- 0: ~COMe (Vil) (IX) 


By oxidising sodium marrubate with permanganate, Ghigi obtained an acid 
“ Cy7H.0;,” and by oxidising marrubiin with chromic acid a lactone “‘ C,,H,.0,." We? 
(cf. Cocker e¢ al.*) have shown that Ghigi had at different times * 7 ® worked with two acids 
and had later confused them. When marrubic acid is oxidised with alkaline permanganate, 
formic acid is produced in considerable amount; this is consistent with the presence of a 
furan ring in the side-chain: the other main product of this oxidation is a hydroxy-acid 
C,,H,0; (corresponding to Ghigi’s ® acid “‘ C,,H,,0,”’) which can be dehydrated to the 
lactone C,,H,,0, and has a methyl ester of m. p. 154°. Oxidation of the hydroxy-acid 
gives a keto-acid C,,H,,0, (corresponding to Ghigi’s® acid “ C,,;H,,0,”") which has a 
methyl ester of m. p. 165-5°. At variance with Cocker eé al.,® we find that the ultraviolet 


co-o HO,C hy HO,C | Be Beed 


(X) (XI) (XII) weN (xa) 


absorption of this acid is normal (Amax. 2820 A). The dilactone sina shows only one 
infrared absorption maximum in the carbonyl-stretching region (1778 cm.~ in CS,) and so 
contains two y-lactone groups. One of these is relatively difficult to open hydrolytically 
and the resulting acid is stable: it evidently corresponds to the original lactone group of 
marrubiin. The other readily comes into equilibrium with its acid in solution; this 
san + au and Harris, J. Amer. Chem. Soc., 1941, 68, 2721; Barton, Fawcett, and Thomas, /., 


_ © Bernardi and Ghigi, Ricerca sci., 1947, 17, 937 (Chem. Abs., 1949, 43, 5011); Ghigi and Bernardi, 
Farm. sci. e tec. (Pavia), 1947, 2, 397 (Chem. Abs., 1948, 42, 3140). 
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second lactone group will be derived from the long side-chain of marrubiin and the dilactone 
will thus be the dilactone (X). The acids C,,H,,0, and C,,H,,0, will be the y-lactone (XI) 
derived from the same acid, and the y-lactone (XII) from the corresponding keto-acid. 

With hydrazine, under Wolfi—Kishner conditions, the intermediate (XII) gave the 
cyclic hydrazone (XIIa). 

By oxidation of her acid ‘‘ C,,H,,0,; ” Ghigi obtained a lactone “‘ C,,H,,0,;”’ we have 
found that her product is a keto-dilactone C,,H,,O0, and that it arises from oxidation of the 
keto-acid C,,H,,0, (XII) [the same substance can be obtained from the hydroxy-acid 
C,,H,,0, (XI), but in much smaller yield]. The primary product of the reaction is a 
lactonic hydroxy-keto-acid C,,H,,0, which readily lactonises in the presence of acid, and 
this accounts for Ghigi’s failure to isolate it: the same findings have been made by Cocker 
et al. The analytical data would fit either the C,, or the C,, formula for the lactone, but 
molecular-weight determinations exclude the former, and the C,, formula is confirmed 
when further reaction products are considered; the acetaldehyde observed by Ghigi * as 
being formed along with the lactone ‘‘ C,,H,,O,”’ must arise in some other reaction—we 
have failed to detect it. By heating the keto-dilactone with alkali, Ghigi* obtained a 
lactone which was formulated as C,;H,.0,; we have repeated the work and find that two 
isomeric substances C,,H,,O, are produced and that 1 mol. of carbon dioxide is formed 
during the reaction. One of these substances corresponds to Ghigi’s product, and the 
other is converted into it by the action of alkali. 

It might be expected that the compound C,,H,,0, would be the y-lactone (XIII) or the 
corresponding 3-hydroxy-compound (XIV). The keto-acid. C,,H,,0, (XII) gives an 
enol-lactone (XV) 2° (the infrared absorption maximum at 847 cm.-! and the absence of a 
maximum near 1800 cm. support the rejection by Cocker e al.11 of the earlier 
conjectured formula ® which had the double bond to the a and this with osmium 
tetroxide gives the y-lactone (XIV) which is not identical with the permanganate-oxidation 
product (a second substance C,,H,,O; is also produced in the osmium tetroxide reaction). 


OF ay 


cO-O 
(XII) (XIV) (XV) 
co,- co 
C9) = ( 4 Or 
“ar” -0,C ° 
—* cO-O (xvi) 


This seems to favour the formulation of the permanganate-oxidation product as (XIII) ; 
however, formula (XIII) does not allow for lactonisation of the acid, nor does it account 
for the decarboxylation by alkali to give the C,, lactone. 
The transformations of the ketol system in certain steroids 14 suggested that a substance 
(XIII) might pass into the structure (XVI) under the conditions obtaining at its formation. 
1® Cocker, Edward, Holley, and Wheeler, Chem. and Ind., 1955, 1484. 


1 Jones, Lewis, Shoppee, and Summers, J., 1955, 2876; Turner, J. Amer. Chem. Soc., 1953, 75, 
3484. 
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The accumulation of substituents might favour the transformation to the 7 : 5-ring system. 
The keto-dilactone would then be (XVII). Cocker et al.1° have considered and accepted 
formule (XVI) and (XVII). However, a substance with the structure (XVI) might be 
expected to undergo thermal decarboxylation more readily than is observed: the acid is 
stable up to its m. p. (210°) and then decomposes entirely by lactonisation—there is no 
trace of decarboxylation. The spectral properties are also against formula (XVI). 
Accordingly the structure (XVIII) is proposed, which is free from these criticisms. 
The ring transformation will be favoured in that non-bonded repulsions involving one of 
the gem.-groups at position 5 in the structure (XIII) are replaced by chemical linkage of 
analogous points in structure (XVIII). Incorporation of the keto-group into the y-lactone 
ring will increase the infrared absorption frequencies, and the observed maxima of 1794, 
1743, and 1705 cm.~ will be due respectively to the exalted y-lactone group, the exalted 
keto-group, and the carboxyl group (Na salt 1797 and 1754 cm.“). A formula with the 
ketone group in the sfiro-lactone ring is excluded as the decarboxylation product fails to 
give the iodoform reaction. Catalytic reduction of the acid gives a hydroxy-dilactone (XIX) 
which has a normal y-lactone frequency (1765 cm.“1)._ The ultraviolet absorption maxima 
of the acid, its methyl ester, and the dilactone (all with Amax. ~2960 A) are consistent with 
the large hydroxyl-carbony] angle implicit in the formule. For lactonisation, the hydroxyl 
group and carboxyl group involved must be either both « or both 8. 

We find that decarboxylation of the acid is best effected by heating it (or the lactone) 
with alkali in 2-ethoxyethanol: strongly alkaline conditions are not needed. The two 
products are both keto-lactones C,,H,,0,: one of these, (A), is Ghigi’s compound 
“ C,3H,.0, ”; it has m. p. 162°, an ultraviolet absorption maximum at 3020—3070 A, and 


"O7 


infrared maxima at 1778 and 1727 cm.-?; it gives an oxime under the usual conditions and is 


CO,H co 
OH 1e) 
0 Oo OxIX) 


readily hydrogenated catalytically. The other, isomeric compound, (B), has its absorption 
maxima at 2820 A and 1760 and 1710 cm.=}, does not readily give an oxime, and does not 
take up hydrogen in the presence of Adams catalyst; when boiled with alkali it is 
converted into (A). Decarboxylation of the acid (XVIII) would be expected to give a 
mixture of sodium salts corresponding to (XX)—(XXIII). The labile isomer (B), which 
according to its ultraviolet spectrum will have a small hydroxyl-carbonyl angle, could be 


go co 7 co 
° } fe) 
—_— 
= —_ = 
HO Oo OOH HO (e) Oo On 


(XX) (XXI) (XXII) (XXIII) 


(XXI) or (XXII); the stable isomer (A) has an infrared band consistent with its having a 
keto-group in a six-membered ring [and the spectrum has a general similarity to that of 
the keto-lactone (II)], suggesting the structure (XX), and the ultraviolet absorption is 
consistent with this. 

Catalytic reduction of the isomer (A) gave a dihydroxy-lactone # which was inert to 
periodic acid, but slowly reduced lead tetra-acetate; reduction with lithium aluminium 
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hydride gave the tetrol together with some of the same dihydroxy-lactone. The com- 
pound (A) was recovered after treatment with sodium triphenylmethyl, but with phenyl- 
magnesium bromide or ¢ert.-butylmagnesium chloride it gave, in low yield, a substance 
Cy gH.,0,. 

With the object of correlating marrubiin with either abietic or podocarpic acid, 
marrubiin, the enedione (V), and the ozonide of the enol-lactone of (XII) were oxidised 
with nitric acid and with permanganate. The crystalline, optically inactive dimethyl- 
cyclohexanetricarboxylic acid was not obtained, although parallel experiments carried out 
on abietic acid readily gave it. On this negative evidence we favour the $-configuration 
for the carboxyl group in marrubic acid (corresponding with that in podocarpic acid). 
Attempts to convert the oxidation product into the difficultly accessible methyl ester- 
anhydride derivable from agathenedicarboxylic acid }* were unsuccessful; small amounts 
of two crystalline substances were obtained, but they could not be identified. 


EXPERIMENTAL 


Rotations were determined in B.P. chloroform and ultraviolet absorption spectra in ethanol 
solutions. 

Hydrogenation of Marrubiin.—Marrubiin (50 g.) was hydrogenated in acetic acid (500 ml.) 
in the presence of 10% palladised charcoal and Adams catalyst; several grams of catalyst 
were needed if the reduction was to be completed in a few hours. The catalyst was removed, 
the solvent evaporated at reduced pressure, and a benzene solution of the residue was washed 
with water and transferred to a column of silica (800 g.). Elution with benzene (ca. 15 1.) 
containing 2% of alcohol gave a syrup A (39 g.) which crystallised, followed by a syrup B. 
Elution with benzene (3 1.) containing 10% of alcohol then gave a greenish syrup C. The 
product A was digested with ether (100 ml.) which removed the colour and left almost pure 
tetrahydromarrubiin (30 g.); after recrystallisation from ether, cineole, or ethyl acetate, 
the tetrahydromarrubiin had m. p. 123-5° (Lawson and Eustice * give m. p. 134°), [a]? +31-8° 
(c 2-8) (Found: C, 70-7; H,9-7. Calc. for C,9H;,0,: C, 71-4; H, 96%). The products B and 
C crystallised very slowly under anhydrous ether at 0°. Product B recrystallised from ether as 
prisms of a hexahydromarrubiin, m. p. 79—80°, [a]}* + 32-6° (c 2-7) (Found: C, 70-5; H, 10-1. 
Cy 9H,,0, requires C, 71-0; H, 10-1%). The ethereal liquor was filtered from product C, leaving 
colourless crystals (5-4 g.). Digestion of these with anhydrous ether (40 ml.) left a residue D 
(2-3 g.),m. p. 132—138°, and on concentration to 10 ml. the ethereal extract deposited crystals E 
(2-2 g.), m. p. 78—-80°. Recrystallisation of material D from alcohol and washing with ether 
gave prisms of a hexahydromarrubiin, m. p. 153—154°, [«]?#® +.47-9° (c 2-6) (Found: C, 70-5; 
H, 10-2%). Recrystallisation of material E from ether gave more of the hexahydromarrubiin 
of m. p. 79—80°. 

The Keto-acid C, 9H;,0;.—Tetrahydromarrubic acid* (0-333 g.) was kept at 30° with 
chromium trioxide (1-1 atom-equiv. of O) in 90% acetic acid (6 ml.), reaction being complete in 
2hr. The solution was evaporated, and a solution of the residue in chloroform was washed with 
dilute hydrochloric acid. The syrup left on evaporation of the chloroform was chrom- 
atographed on silica (30 g.) with benzene-alcohol. The benzene-4% alcohol eluate crystallised 
on evaporation, and recrystallisation from ethyl acetate—light petroleum gave the keto-acid as 
prisms, m. p. 159°, Amax, 2800 A (e 51-5) (Found: C, 68-1; H, 9-3. C, 9H 3.0; requires C, 68-15; 
H, 9-15%). 

Anhydrotetrahydromarrubiin.—The following methods are based on those of Lawson and 
Eustice,? whose details we found inadequate. 

(a) Thionyl chloride method. Tetrahydromarrubiin (5 g.) was boiled for 15 min. with pure 
thionyl chloride (12 ml.), the solution was at once evaporated in the cold, and a benzene 
solution of the residue was washed with ice-water and chromatographed on silica (80 g.). After 
sulphur-containing compounds had been removed by benzene, benzene containing 1% of alcohol 
eluted a brown band; this evaporated eluate on crystallisation from anhydrous ether gave 
anhydrotetrahydromarrubiin, needles, m. p. 125—126°, [«]}®° + 55-2° (c 0-9) (Found: C, 75-9; 
H, 9-9. Calc. for C,9H3;,0,: C, 75-4; H, 9-5%). The yield varied from 12 to 37%; with the 


12 Ruzicka and Bernold, Helv. Chim. Acta, 1941, 24, 931. 
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higher yields no tetrahydromarrubiin was recovered, but up to 16% was recovered in other 
cases. When the reaction was carried out at 75—80°, 55% of starting material and 10% of 
product were obtained. (b) Phosphorus trichloride method. A 10% solution of phosphorus 
trichloride (0-44 ml.) in benzene was added to a boiling solution of tetrahydromarrubiin (2 g.) in 
benzene (40 ml.), and boiling was continued for 15 min. The cooled solution was washed with 
water and with aqueous sodium hydroxide and evaporated. When anhydrous ether was added 
to the residue, anhydrotetrahydromarrubiin crystallised (28—31%); if the reaction time was 
reduced to 5 min. some tetrahydromarrubiin was recovered. By either method of preparation 
the yield fell if more than 10 g. of tetrahydromarrubiin were used in an experiment. 

Oxidation of Anhydrotetrahydromarrubiin.—(a) Ozonolysis. Anhydrotetrahydromarrubiin 
was ozonised at — 30° in methylene dichloride, the solvent removed, and the residue decomposed 
with water and steam-distilled. The residual crystals were dissolved in benzene and washed 
with potassium hydrogen carbonate solution; evaporation of the benzene gave 8-hydroxy- 
1: 6: 10-trimethyl-5-oxodecalin-l-carboxylic lactone (II), prisms (from methanol or acetic 
acid) (74%), m. p. 196°, [a], +119° (¢ 1-02), Amax. 2950 A (e 28-4) (Found: C, 71-9; H, 8-3. 
Calc. for C,,H,0;: C, 71-2; H, 8-5%). The substance was brominated by bromine in acetic 
acid. The oxime ® (prepared in pyridine) formed needles (from alcohol), m. p. 184—185-5° 
(Found: C, 67-1; H, 8-5; N, 5-8. Calc. for C,,H,,O,;N: C, 66-9; H, 8-4; N, 5-6%). The 
2 : 4-dinitrophenylhydrazone (prepared in alcoholic phosphoric acid) formed needles (from ethyl 
acetate), m. p. 250—251-5° (Found: C, 57-55; H, 6-3; N, 13-8. C.9H,,O,N, requires C, 57-7; 
H, 5-8; N, 13-5%). 

The steam-distillate was extracted continuously with ether and the extracted oil gave the 
2: 4-dinitrophenylhydrazone of tetrahydrofurylacetaldehyde; this crystallised from alcohol in 
square plates, m. p. 144—145° (Found: C, 49-2; H, 4-9; N, 19-1. C,,H,,0;N, requires C, 
49-0; H, 4-8; N, 19-0%). 

(b) Oxidation with permanganate. Oxidation of anhydrotetrahydromarrubiin with potass- 
ium permanganate in 66% acetic acid, and chromatography on silica with benzene containing 
1% of alcohol gave an oxide, needles (from ether—light petroleum), m. p. 115°, inflexion at 
2450 A (Found: C, 70-7; H, 9-1. CygH gO, requires C, 71-8; H, 9-0%). 

Anhydromarrubiin.—The method of Lawson and Eustice * was used, the heating time being 
restricted to 0-5 hr. The anhydromarrubiin crystallised as needles from a solution of the crude 
syrup in a little ethyl acetate (charcoal), in 27% yield. Recrystallised from methanol, it had 
m. p. 98°, [a]? + 34° (¢ 1-65), Amax, 2050 Aanda complex system 2550—2800 A (log « 3-64, 0-93). 

Oxidation of Anhydromarrubiin..—Crude anhydromarrubiin was oxidised by chromium 
trioxide in acetic acid by Ghigi’s method.? The chloroform-soluble portion was chrom- 
atographed on silica, the keto-lactone C,,H..0; (II) being eluted with 1 : 4-chloroform—benzene 
(yield 10% from marrubiin): this keto-lactone was better prepared from anhydrotetrahydro- 
marrubiin (see above). 

8-Hydroxy-1 : 6: 10-trimethyl-5-oxodecalin-1-carboxylic Acid *»* (III).—The _ keto-lactone 
(II) (0-7 g.) was heated at 100° for 1 hr. with potassium hydroxide (0-3 g.) in 2-ethoxyethanol 
(3 ml.) containing a little water. The solution was acidified with hydrochloric acid and the 
precipitate was recrystallised from benzene, to give the keto-hydroxy-acid (0-7 g.) as prisms, m. p. 
178°, [a] —43-4° (c 0-42), Amax, 2900—2930 A (e 30-5) (Found: C, 66-1; H, 8-6. Calc. for 
C,,H,,0,: C, 66-1; H, 8-7%). 

1: 6: 10-Trimethyl-5 : 8-dioxodecalin-1-carboxylic Acid (IV).—A solution of the keto- 
hydroxy-acid ‘0-68 g.) and chromium trioxide (0-18 g.) in 90% acetic acid (14 ml.) was kept at 
25° overnight, the solvent was removed at low temperature and a chloroform solution of the 
residue was washed with dilute hydrochloric acid and with water. Evaporation of the chloro- 
form gave an oil which crystallised (0-4 g.) from benzene, and more of the same diketo-acid (IV) 
was eluted by benzene containing 1% of alcohol when the mother-liquors were chromatographed 
on silica (12 g.). This acid (yield 83%) formed needles (from benzene), m. p. 109—110°, [a]? 
+60° (c 0-95), Amax, 2900A (ce 58) (Found: C, 66-2; H, 7:8. C,,H.»O, requires C, 66-6; 
H, 8-0%). 

Action of Acetic Anhydride on the Diketo-acid (IV).—The acid (0-2 g.) was boiled for $ hr. 
with acetic anhydride (2 ml.) and again for } hr. after sodium acetate (0-025 g.) had been added. 
The solution was evaporated and a benzene solution of the residue was washed with aqueous 
sodium carbonate and evaporated: addition of ether to the residue caused crystallisation 
of 8-acetoxy-8-hydroxy-1 : 6 : 10-trimethyl-5-oxodecalin-1-carboxylic lactone (VIII), prisms, m. p. 
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163—164°, [a]? + 162°, Amex, 2190, 2950 A (ec 162, 19) (Found: C, 65-9; H, 8-0. C,,H,,0; 
requires C, 65-3; H, 7-5%). When the residues were chromatographed on silica, benzene (in 
some experiments) eluted some keto enol-lactone (IX) (see below) and then more of the lactol 
acetate could be eluted by benzene containing 1—2% of alcohol. If the sodium acetate was 
omitted, the product was the mixed anhydride (VII), needles (from ether), m. p. 172—173°, 
Amax. 2150, 2920 A (ec 160, 29-4) (Found: C, 65-6; H, 8-0. C,,H,.O,; requires C, 65-3; H, 
75%). 

8-Hydroxy-1 : 6 : 10-tvimethyl-5-ox0-A’-octalin-1-carboxylic Lactone (IX).—The lactol acetate 
(VIII) was heated under nitrogen at 250° for 10 min.; acetic acid (ca. 0-75 mol.) was evolved. 
Addition of ether to the residue cause crystallisation of the keto-enol-lactone (IX), needles (from 
ether), m. p. 130—132°, [a], +28-7° (Found: C, 71-7; H, 8-1. C,,H,,0, requires C, 71-8; 
H, 7-7%). 

1:6: 10-Trimethyl-5 : 8-dioxo-A*-octalin-1-carboxylic Acid (V).—The diketo-acid (IV) (0-94 
g.) was boiled for 14 hr. with selenium dioxide (0-4 -g.) in purified dioxan (10 ml.) containing 
water (0-5 ml.). The filtered solution was evaporated, the residue, dissolved in benzene, was 
poured on silica (25 g.) and some impurities were eluted with benzene (400 ml.). On elution 
with benzene containing 1% of alcohol the enedione-acid (V) travelled as a yellow band (almost 
black in ultraviolet light) ; it formed pale yellow platelets (from benzene—light petroleum), m. p. 
140-5°, tay -+-139° (c 0-91), Amax. 2420 A (log « 4-01) (Found: C, 66-95; H, 7-5. C,,H,,0, 
requires C, 67-2; H, 7-25%). When smaller proportions of selenium dioxide were used for the 
oxidation some diketo-acid remained and was difficult to separate from the enedione-acid. 
Zinc and acetic acid in the cold rapidly reduced the enedione-acid to the diketo-acid, m. p. and 
mixed m. p. 110—111°. No identifiable products were obtained when the enedione-acid was 
oxidised with ozone, nitric acid, or potassium permanganate; but, while the quantities used 
would have allowed detection of the dimethylcyclohexanetricarboxylic acid derivable from 
abietic acid, they were inadequate to ensure detection of the isomer derivable from podocarpic 
acid. 

Marrubic Acid.—Marrubiin was hydrolysed by boiling it for 15 min. with potassium hydr- 
oxide (2 mol.) in purified 2-ethoxyethanol containing a little water; hydrolysis with alcoholic 
potassium hydroxide takes many hours. 

Oxidation of Sodium Marrubate with Potassium Permanganate.—A solution of potassium 
permanganate (12-6 g.) in water (250 ml.) was added, in one portion, to a solution of marrubic 
acid (7 g.) and sodium hydroxide (3-5 g.) in water (100 ml.); reaction was instantaneous and 
the temperature rose to 45°. Yields were greatly lowered if the permanganate was added 
gradually. Sulphur dioxide (6 g.) was added, followed by 20Nn-sulphuric acid (10 ml.). The 
precipitate A (3-8 g.) was removed and the filtrate was extracted with chloroform; evaporation 
of the chloroform solution yielded a syrup B (1-4 g.)._ The aqueous liquor was almost neutralised 
with sodium hydroxide and was evaporated to low bulk; a pale yellow syrup C (1-4 g.) separated. 
Material A was recrystallised from ethyl acetate, giving the hydroxy-acid C,,H,,O,; (XI). The 
evaporated ethyl acetate liquors and syrups B and C were chromatographed together on silica 
(40 g.): benzene containing 2% of alcohol eluted successively the dilactone C,,H,,O, (X), a 
substance of m. p. 225° (decomp.), prisms from methyl alcohol (Found : C, 67-7; H, 7-8%), and 
the hydroxy-acid C,,H,,0, (XI). Yield of the hydroxy-acid 70—75%: large-scale experi- 
ments gave similar results, e.g., 60 g. of marrubiin gave 53 g. of the hydroxy-acid (74-5%). 

The aqueous liquor from which material C had separated was acidified to Congo-red with 
sulphuric acid, evaporated, and steam-distilled. The steam-distillate was refluxed to remove 
sulphur dioxide, neutralised, evaporated, acidified with sulphuric acid, and again refluxed. 
Residual sulphur dioxide was removed by the addition of 0-1N-potassium permanganate, and 
the solution was evaporated and steam-distilled. The steam-distillate was neutralised with 
n-sodium hydroxide (9-5 ml.) and evaporated to dryness and the residue was boiled with alcohol. 
Sodium formate, m. p. and mixed m. p. 253-5—254-5°, remained; the alcoholic extract 
contained a negligible amount of material and this was not sodium acetate. 

y-Lactone of 8-(5-Carboxy-1 : 4-dihydvoxy-2 : 5 : 9-trimethyl-1-decalyl)propionic Acid }** (XI) 
—The lactonic hydroxy-acid, prepared as described above, was identical with material prepared 
by the hydrolysis of the dilactone (X), and formed needles (from benzene) or prisms (from 
ethyl acetate), m. p. 214—215° (decomp.) (heated rapidly from 210°), [a]? —18-7° (¢ 6-1) 
(Found: C, 65-75; H, 8-3. Calc. for C,,H,,0,;: C, 65-8; H, 84%). The methyl ester 
(prepared by diazomethane) formed prisms (from benzene—cyclohexane), m. p. 154° (Found : C, 











2962 Hardy, Rigby, and Moody : 


66-8; H, 9-1. Calc. for C,,H,,0;: C. 66-6; H, 8-7%). The acetate (prepared by acetic 
anhydride—pyridine) formed pri.m’ (from ethyl acetate-cyclohexane), m. p. 262—263° (decomp.) 
(lit.,6 m. p. 246°) (Found: C, 64-’; H, 8-15. Calc. for C,,H,,0, : C, 64-75; H, 8-0%). 

Lactone of 8-(5-Carboxy-1-hya, oxy-2 : 5 : 9-trimethyl-4-oxo-1-decalyl)propionic Acid }+® (XII). 
—A solution of chromium trioxide (9 g.) in 90% acetic acid (150 ml.) was added to the hydroxy- 
acid (XI) (39 g.) in 90% acetic acid (150 ml.). Next morning the solution was evaporated 
to dryness and the residual lactonic keto-acid (XII) was crystallised from 80% methanol, 
forming prisms (34-5 g.), m. p. 222—223-5°, [a]? + 76-6° (c 3-9), Amax. 2820 A (e 33) (lit.,® 
2580 A) (Found: C, 66-4; H, 8-0. Calc. for C,,H,,O,;: C, 66-2; H, 785%). The 
Zimmermann test was negative. The oxime (prepared in pyridine at 100° during 1 hr.) formed 
prisms, m. p. 270—272° (decomp.) (from acetic acid) (Found: C, 62-9; H, 7-6; N, 4-3. Cale. 
for C,,H,,O;N: C, 63-1; H, 7-8; N, 4:3%). The methyl ester (prepared by diazomethane) 
formed plates (from benzene—cyclohexane), m. p. 165-5° (depressed by admixture with the 
methyl ester of the corresponding hydroxy-acid) (Found : C, 67-5; H, 8-3. Calc. for C,,H,,O; : 
C, 67-1; H, 8-1%). The oxime of the methyl ester (prepared in pyridine at 100°) formed 
needles (from benzene—cyclohexane), m. p. 195—196-5° (187—-189° ®) (Found: C, 64-0; H, 8-15; 
N, 4:3. Calc. for C,,H,,O,;N : C, 64:1; H, 8-1; N, 4-15%). 

Bromination of the Lactonic Keto-acid C,,H,,O,; (XII).—The acid (0-63 g.) in acetic acid 
(5 ml.) containing hydrobromic acid (2 drops of 60%) was left for 18 hr. with 0-2N-bromine in 
acetic acid (25 ml.), rather more than 1 mol. being absorbed. Sodium hydroxide was added, 
sufficient to neutralise the mineral acid, and the solution was evaporated under reduced pressure : 
the residue crystallised on addition of methyl alcohol and water. Recrystallisation from ethyl 
acetate—cyclohexane or from cineole gave the «-bromo-keto-acid as prisms, m. p. 195—197° 
(decomp.), Amax, ~2900 A (e 126) (Found: C, 51-1; H, 6-0; Br, 22-1. C,,H,,0;Br requires C, 
52-75; H, 6-0; Br, 20-6%). Chromatography of the residues on silica in benzene containing 
1% of alcohol gave a small quantity of an isomer, prisms (from ethyl] acetate), m. p. 220° (Found : 
C, 53-7; H, 6-4; Br, 19-2%). No characterised materials were isolated when the bromo-keto- 
acid was boiled with pyridine or quinoline. 

Action of Hydrazine on the Lactonic Keto-acid C,,H,O; (XII).—The acid (0-155 g.) was 
heated with sodium ethoxide (from 0-16 g. of sodium) and hydrazine hydrate (1 ml.) in diethylene 
glycol (4 ml.) for 4 hr. at 200°. Chloroform extraction of the acidified mixture gave the cyclic 
hydrazone (XIIa), prisms (from alcohol), m. p. 261—263° (Found: C, 67-1; H, 8-0; N, 9-0. 
C,,H,,0;N, requires C, 67-1; H, 7-95; N, 9-2%). Chromatography of the residues on silica 
(10 g.) yielded more of the same material (eluted by benzene containing 2% of alcohol) but no 
reduction product was recognised. Clemmensen reduction of the keto-acid yielded no 
characterised products. 

The Lactonic Hydroxy-keto-Acid, C,,H,,0,.—A 5% solution (150 ml.) of potassium perman- 
ganate was added in 10 ml. portions, with cooling, to a solution of the lactonic keto-acid (XII) 
(5-2 g.) in 2-6% aqueous sodium hydroxide (100 ml.). The final solution remained green over- 
night. Sulphur dioxide (4 g.) was added and the cooled solution was acidified with hydro- 
chloric acid. The precipitate was washed with water and recrystallised from alcohol (60 ml.) 
and then from methanol, the lactonic hydroxy-keto-acid (3-47 g.) forming needles, m. p. 210— 
210-5° (decomp.) (lit.,!® 205°), Amax. 2960 A (e 36-1) [Found : C, 63-2; H, 7-7%; equiv. (at 0°), 
164, 166. Calc. for C,,H,,0,: C, 62-95; H, 7-5%; equiv., 162]. Titration or back-titration 
at room temperature gave spurious equivs. of 280—307. The mother-liquors yielded a further 
0-48 g. (total yield 76%). Similar oxidation of the hydroxy-acid (XI) gave only a 30% yield. 
The acid was eluted from silica by benzene containing 2% of alcohol; it yielded sparingly 
soluble silver, lead, and calcium salts (all needles). It was readily converted into the corre- 
sponding dilactone by heat or by storage in acid solution; it gave a negative Zimmermann test 
and took up negligible amounts of bromine when exposed for 6 days to 0-1N-bromine in acetic 
acid. It was converted into the corresponding dilactone by periodic acid, and was recovered 
after the sodium salt had been exposed to sodium periodate for 200 hr. Acetic anhydride in 
pyridine converted it into its dilactone. Its methyl ester’® (prepared by diazomethane) 
formed prisms (from methyl acetate—cyclohexane) or platelets (from benzene-ether), m. p. 108— 
108-5°, Amax, 2940—2960 A (ec 34) (Found: C, 64-0; H, 7-7. Calc. for C,,H,,O,: C, 63-9; H, 
7-7%), and gave an oxime (in pyridine, room temp., 36 hr.), needles (from alcohol), m. p. 279— 
281° (decomp.). 

On hydrogenation (Adams catalyst) in acetic acid, the acid yielded the hydroxy-dilactone 
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(XIX), prisms (from alcohol), m. p. 156-5—158°, [a]#? —4-1° (¢ 1-7), max. at 3468 and 1765 cm." 
(Found: C, 66-2; H, 8-3. C,,H,,O,; requires C, 66-2; H, 7-85%). The corresponding keto- 
dilactone was not readily hydrogenated. "i } 

The Keto-dilactone C,,H,.0,; (XVII).—This was best made, by heating the lactonic hydroxy- 
keto-acid to its m. p. under nitrogen: conversion was complete almost at once; water (1 mol.) 
was evolved, but no carbon dioxide. If during the preparation of the lactonic hydroxy-keto- 
acid the solution was allowed to become too acid or if acid solutions were not worked up at once 
the main product was often this dilactone; it may also be formed on recrystallisation of the acid 
if the solution is left too long. The dilactone sublimed readily at 180° under reduced pressure, 
and formed needles, m. p. 210—210-5° (lit.,2° 214°), Amax, 2980 A (e 24) (from benzene) [Found : 
C, 66-6; H, 7-25%; M (ebullioscopic in C,H,), 302—335; equiv. (warm 0-1N-NaOH, back- 
titrated at 0°), 159, 157. Calc. for C,,H,,0O;: C, 66-65; H, 7-2%; M, 306]. The substance 
gave a negative Zimmermann test, absorbed negligible amounts of bromine (in acetic acid) in 
6 days, and was unaffected by periodic acid, lead tetra-acetate, and sodium bismuthate. The 
oxime (prepared in pyridine; 100°, 1—2 hr.) crystallised from the hot pyridine, and from.alcohol 
formed needles, m. p. 290—-292° (decomp.) (heated from 285°: very dependent on the temp. of 
insertion) (lit.,4° 265°) (Found : C, 63-7; H, 7-3; N, 4-6. C,,H,,;0,;N requires C, 63-5; H, 7-2; 
N, 44%). 

The Hydroxy-keto-lactones A and B, CygH,,O, (XX and XXI).—The lactonic hydroxy-keto- 
acid C,,H,,0, (3-04 g.) was boiled for 15 min. with solid 85% potassium hydroxide (2 g.) in 
purified 2-ethoxyethanol (10 ml.) containing water (3 drops). The diluted solution was 
acidified with 10N-hydrochloric acid (3-8 ml.), the crystalline product was dissolved in ethyl 
acetate, and the solution filtered. When the solvent was replaced by alcohol, rhombic plates 
crystallised; mneedle-shaped crystals also separated overnight but these were dissolved 
by cautious warming. The plate-like crystals were recrystallised, to give the hAydroxy- 
kedo-lactone A ™ (1-25 g.), m. p. 161—162°, Amax, 3020—3070 A (e 30-5) [Found: C, 68-6; H, 
8-6%; equiv. (0-1N-sodium hydroxide at 100°; end-point permanent), 270; M (ebullioscopic in 
benzene), 311. C,,H,,O, requires C, 68-5; H, 8-6%; M, 280]. The Zimmermann test was 
negative; very little absorption of bromine took place from 0-1N-bromine in acetic acid in 
6 days. The oxime (pyridine, 100°, 1 hr.) formed prisms (from aqueous alcohol or ethyl acetate), 
m. p. 219—220° (Found: .C, 64:25; H, 8-55; N, 4:8. C,.H,,;0O,N requires C, 65-1; H, 8-5; 
N, 4°7%). 

The alcoholic mother-liquors from the hydroxy-keto-lactone (A), on concentration, deposited 
needles of the hydroxy-keto-lactone (B) which recrystallised from ethyl acetate and then 
from ether as hexagonal prisms which changed into needles, m. p. 181—182°, Amax, 2800— 
2830 A (c 47) (Found: C, 68-3; H, 8-6. C,,H,,O, requires C, 68-5; H, 86%). This did not 
yield an oxime under the conditions used for (A); it was converted into (A) by boiling alcoholic 


potassium hydroxide. It was inert to catalytic hydrogenation. 


The residues from the isolation of these products were chromatographed on acid-washed 
alumina (100 g.). Elution with light petroleum—benzene (3:1) yielded more of (B), followed 
shortly by (A). 

Reduction of the Hydroxy-keto-lactone (A).—(a) Hydrogenation in acetic acid in the presence 
of Adams catalyst gave the dihydroxy-lactone C,,H,,0, !° (see below), m. p. 197—199°. It 
was inert to periodic acid (1 month), but was slowly oxidised by lead tetra-acetate. (b) The 
hydroxy-keto-lactone (A) (0-523 g.) was added gradually (percolation from a thimble) to stirred 
ethereal lithium aluminium hydride (1-5 x theor.), and the mixture was boiled for 7 hr. and 
left overnight. Acidification and working up in the usual way gave a syrup which was chrom- 
atographed on silica (25 g.). Benzene containing 2% of alcohol eluted the dihydroxy-lactone 
which crystallised from ether as tetrahedra (15 mg.), m. p. and mixed m. p. 197—-199° (Found : 
C, 68-3; H, 9-5. Calc. for C,,H,,O,: C, 68-05; H, 93%). Benzene containing 5% of alcohol 
then eluted the ¢etrol which crystallised as prisms (0-1 g.), m. p. 146—147°, on concentration of 
an ethereal solution (Found: C, 67-1; H, 10-8. C,,H 3,0, requires C, 67-1; H, 10-6%). 
0-544 g. of the tetrol reduced ca. 80 ml. of 5-3% alkaline potassium permanganate at 65°, but 
only oxalic acid was isolated. 

Action of Organometallic Compounds on the Hydroxy-keto-lactone A.—An ethereal solution of 
the lactone (0-075 g.), boiled for 2 hr. with 6—7 mol. of phenylmagnesium bromide, gave a 
substance (ca. 0-02 g.) which crystallised as needles (from ether), m. p. 212-5°, Amax. 2060, 2960 A 
(log e 3-69, 1-54) (Found: C, 68-5; H, 8-8. C,,H,,O, requires C, 68-5; H, 86%). The same 
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substance was obtained when fert.-butylmagnesium chloride was used in place of the phenyl- 
magnesium bromide. 

Oxidation of Marrubiin with Nitric Acid.—Marrubiin was oxidised by nitric acid according 
to the second procedure used by Levy '*7* for the oxidation of abietic acid. Subsequent 
chromatography (silica; benzene—alcohol) gave no crystalline product except succinic acid. 

Oxidation of the Enol-lactone of (X1II).—(a) The enol-lactone (0-1 g.) was ozonised at — 20° in 
carbon tetrachloride. The ozonide [m. p. ca. 110° (decomp.)] separated: it was not readily 
decomposed by water. It was oxidised with nitric acid by the procedure used with marrubiin. 
The crude product, freed from nitric acid, was esterified with diazomethane, and the ester was 
kept at room temperature for varying periods (up to 4 days) in saturated aqueous hydrobromic 
acid. As sublimation of the product (cf. ref. 12) yielded only traces of crystalline material, it 
was boiled with acetic anhydride and chromatographed on silica: benzene eluted a small 
amount of a substance (needles), m. p. 110—115°, and benzene containing 5% of ether then 
eluted a small amount of a substance, needles (from dioxan), m. p. 240—245° (decomp.), 
[a]yp ~ +40° (in dioxan) (Found: C, 56-7; H, 5-8; OMe, ~0). (b) Hydrogen peroxide 
(0-88 ml.; 6%) was added dropwise to a solution of the enol-lactone (0-5 g.) in ¢ert.-butyl alcohol 
(5 g.) containing 1% aqueous osmium tetroxide (15 drops). The residue left on evaporation 
was chromatographed on silica. Benzene containing 2% of alcohol eluted a substance, prisms 
(from alcohol—ether), m. p. 216—219° (Found: C, 66-6; H, 7-5. C,,H,,O, requires C, 66-65; 
H, 7-2%). Benzene containing 5% of alcohol then eluted the y-lactone (XIV) of 8-(5-carboxy- 
1 : 3-dihydroxy-2: 5: 9-trimethyl-4-oxo-1-decalyl) propionic acid, prisms (from ys m. p. 
211—215° (decomp.) (Found: C, 63-1; H, 7-6. C,,H,,O, requires C, 62-95; H, 7:5%). Its 
methyl ester (prepared by diazomethane) formed prisms, m. p. 199—200° (Found: C, 63- 8; H, 
7-8. Cy gH,.O, requires C, 63-9; H, 7-7%). On pyrolysis the acid lost carbon dioxide (0-7 mol.) 
but no carbon monoxide, yielding a small amount of crystals, m. p. 208—210°, not identical 
with the first product. 


We thank Professor D. H. R. Barton, F.R.S., for his interest and valuable advice, and 
Miss E. M. Tanner of Parke Davis & Co. and Dr. J. E. Page and staff of Glaxo Laboratories Ltd. 
for the determination of the infrared absorption spectra. 
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579. Marrubiin. Part II. Correlation with Ambreinolide. 
By D. Burn and W. Ricsy. 


The ring system of marrubiin is shown to be substituted in such a way 
that aromatisation is impossible without group migration. That the 
structure of the keto-lactone (I) is directly related to that of marrubiin is 
shown by preparing this lactone from marrubiin by a route in which the 
possibility of rearrangements’ occurring is minimised: a new method of 
stepwise degradation of lactone rings is introduced. The skeleton of marru- 
biin is correlated with that of ambreinolide, and its stereochemistry is 
discussed. 


THE accepted formula of marrubiin is based on very little evidence, and it is difficult to 
reconcile the lack of reactivity of some of the degradation products with their proposed 
a-ketol and a-glycol structures. The 8-hydroxy-l : 6: 10-trimethyl-5-oxodecalin-1-carb- 
oxylic lactone (I) used in the investigation of the ring system ! might itself have arisen 
from a molecular rearrangement. It was desirable that further checks should be made 
and that correlation should be established with substances of known structure. During 
the preparation of the starting materials, the isolation of marrubiin from white horehound 


1 Part I, Hardy and Rigby, preceding paper. 
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has been improved and some other constituents of the plant have been isolated. Con- 
version of the y-lactone (II) into the dilactone (IIa) was best effected by simple heating : 
the acetic anhydride procedure of Cocker e al.2 gave a mixture. It is unlikely that 
rearrangement occurs during the formation of these lactones from marrubiin, so they 
were used as the starting point for the investigations. 


1e) co co co 
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O=- 
Oo 





H : ra 
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(1) (Il) (IIa) (11) (IV) 


Treatment of the lactonic hydroxy-acid (II) with toluene-f-sulphonyl chloride in 
pyridine gave the y-lactone (III), the dilactone (IIa), and another substance which was 
not further investigated. That the unsaturated acid has structure (III) rather than the 
isomeric (IV) was shown by its smooth decarboxylation at the melting point, behaviour 
consistent with its formulation as a ®y-unsaturated acid. It was inert to catalytic hydro- 
genation, and various oxidation procedures gave only uncharacterised oils. 

The product of thermal decarboxylation would be the lactone (V) which was readily 
hydrogenated to the saturated lactone (VI). Oxidation of the unsaturated lactone (V) 
by chromic acid or neutral or alkaline permanganate produced only oils, but potassium 
permanganate in acetic acid gave the epoxide (VII), and osmium tetroxide gave the 
dihydroxy-lactone (VIII). . 

Selenium dioxide dehydrogenated the unsaturated lactone (V) to give, in poor yield, 
the diunsaturated lactone (IX) (or a A**5-isomer); this heteroannular diene (Amax, 2300, 
2370, 2440 A) was also formed (in good yield) when the epoxide (VII) was boiled with 
aqueous-alcoholic sulphuric acid. 

In order to test whether the ring system of marrubiin was such that either of the rings 
could be aromatised, introduction of a third double bond into the diene was attempted : easy 
aromatisation would imply absence of bridge-head alkyl groups or gem.-dimethyl groups 
in the ring concerned. When the diene was treated with sulphuric or phosphoric acid, 
oils resulted, but their ultraviolet absorption spectra were similar to that of the diene: 
if dehydration of the virtual hydroxyl group of the lactone ring had indeed occurred, the 
resulting double bond was not conjugated with the other two. As it was possible that its 
incorporation in the lactone ring was preventing the dehydration of the tertiary alcohol, 
dehydrating procedures were tried on the glycol (X) which resulted from reduction of the 
diene with lithium aluminium hydride. When this glycol was acted upon by phosphorus 
trichloride under conditions known to dehydrate marrubiin, no crystalline products could 
be isolated, but again the resulting oils showed only the original diene absorption : either 
the ring structure is such that aromatisation is impossible, or some conformational feature 
inhibits the necessary double-bond migrations. As it seemed likely (see below) that 
dehydration under alkaline conditions could result in the introduction of an endocyclic 
double bond, the diene-lactone (IX) was heated at 200° with sodium hydroxide in diethylene 
glycol. The resulting oil had an ultraviolet absorption maximum at 3120 A and so 
presumably contained some of the expected triene. These findings are consistent with 
the formulz used. 

That no molecular rearrangement is involved when marrubiin is converted into the 
keto-lactone (I) was shown by preparing this substance by an alternative route. Treat- 
ment of the dilactone (IIa), resulting from the oxidation of marrubiin, with ethyl oxalate 


2 Cocker, Cross, Duff, Edward, and Holley, J., 1953, 2540. 
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gave the ethoxalyl-dilactone (XI), which with sulphuryl chloride gave the a-chloro-«- 
ethoxalyl derivative (XII). This did not crystallise well but readily gave a crystalline 
hemiacetal with methyl alcohol; it was hydrolysed smoothly to the «-chloro-dilactone 
(XIII) which, however, proved difficult to degrade further. 
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Ozonolysis of the ethoxalyl-dilactone (XI) yielded some of the expected a-keto-lactone 
(XIV), but the main product was a substance C7H_20,, m. p. 195-5—197°. The «-keto- 
lactone had the expected spectral characteristics (Amex, 2340 A, displaced to 2700 A in 
alkali) and it gave a purple colour with ferric chloride, although under most conditions 
this colour reaction was obscured by the formation of an orange compound; it titrated 


CO-CO,Et Cl. CO-CO,Et Cl 
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as a monobasic acid. When heated at 50—70° above its m. p., the «-keto-lactone lost 
1 mol. of carbon dioxide and 1 mol. of carbon monoxide and gave the olefinic lactone (XV) ; 
the expected *4 aldehyde (XVI) was not found. The other product of the ozonolysis, the 
substance C,,H,,0,, contained no alkoxyl, aldehyde, or ketone group; when hydroxyl- 
amine hydrochloride was added to its solution in pyridine, there was brisk evolution of 
carbon dioxide (1 mol.) and a hydroxamic acid was produced. It is thus the mixed 
carbonic anhydride (XVIII), and the hydroxamic acid is the lactone (XIX). Consistently 
with its formulation, the anhydride has infrared absorption maxima at 1827 and 1766 cm.“! 
(in potassium bromide). It may be supposed that the ozonolysis takes the courses shown 
in the annexed formule, the proposed route to the anhydride having some analogy with 
the formation of anhydrides when a-keto-esters react with per-acids.© When the mixed 
carbonic anhydride was melted (m. p. 197°), it lost carbon dioxide (ca. 1-5 mol.) and was 
converted into approximately equal proportions of the olefinic lactone (XV) and the 
related «$-unsaturated acid (XVII); when the latter was heated a little above its m. p. it 


* Plattner and Jampolsky, Helv. Chim. Acta, 1943, 26, 687. 
* Rossi and Schinz, ibid., 1948, 31, 473; Schinz and Rossi, ibid., p. 1953. 
5’ Karrer and Haab, ibid., 1949, 32, 950. 
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lost carbon dioxide (1 mol.) and gave the same olefinic lactone (XV) in low yield. Ozono- 
lysis of the olefinic lactone gave formaldehyde and 8-hydroxy-1 : 6 : 10-trimethyl-5-oxo- 
decalin-l-carboxylic lactone (I), identical with the product obtained by oxidation of 
anhydromarrubiin or anhydrotetrahydromarrubiin. Besides indicating that this C,, 


oO 
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. cH, CHO CO,H 
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co-O co-O co-O Cco-O 
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keto-lactone is not a rearrangement product, the scheme outlined serves to establish the 
structure of the degraded lactone ring as (XX): the presence of two hydrogen atoms on 
the «a-carbon atom follows from the possibility of forming the «-keto-lactone and the 
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a-chloro-a-ethoxalyl-lactone; and the presence of two hydrogen atoms on the $-carbon 
atom follows from the formation of formaldehyde in the final ozonolysis. 

The procedure described seems to be a general one for the stepwise degradation of such 
lactone rings: the variation involving pyrolysis of the carbonic anhydride is more satis- 
factory than that going by the keto-lactone, the temperature required being much lower 
and the products cleaner. The partial skeleton (XXI) for marrubiin is thus deduced. 

To substantiate the conclusions reached so far we wished to correlate marrubiin with 
some substance of known structure. Removal of the oxygen at position 8 (of marrubiin; 
cf. XXI) by the toluenesulphonate method seemed unpromising (see above), and attempted 
Wolff-Kishner reduction of the keto-acid (XXII) gave the stable six-membered cyclic 
hydrazide,’ so that hydrogenolysis ? of the enol-lactone of (XXII) was re-investigated. 
The main reaction product (70%) was the acid lactone (XXIII), but, contrary to the 
findings of Cocker e¢ al.,2 the minor product (20%) was the dilactone (IIa) and not unchanged 
enol-lactone. 

* Burn and Rigby, Chem. and Ind., 1955, 386. 
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Thionyl chloride converted the lactonic acid (XXIII) into its acid chloride and this 
was reduced by the Rosenmund procedure (without the use of a catalyst poison) to give 
the aldehyde (XXIIIa). This, by the Wolff-Kishner (Huang-Minlon) procedure, gave 


(XXIII): R = COH 
(XXII1a)!R = CHO 








(XXII1b)- R = CH 
(XXII) ye - 
the expected tetramethyl derivative (XXIIIb) as the minor (25%) product: it was 
identical with one of the “ isoambreinolides ’’ prepared by Collin-Asselineau e¢ al.? by the 
action of 70% sulphuric acid on ambreinolide. However, the major product (62%) of the 


CO>H CO,H 





(XXIV) (XXV) (XXVI) (XXVIT) 


Wolff—Kishner reaction was an acid C,,H,,0,, m. p. 122—123-5°, [«],, +86-3°, which gave 
a yellow colour with tetranitromethane. Its structure would be expected to be (XXIV) 
or (XXV). It was not decarboxylated, even at 260°, so that it is not a By-unsaturated 
acid, and its formula will therefore be (XXV). A substance of this structure had been 
prepared by Ruzicka and Lardon § and by Dietrich and Lederer ® by the action of sulphuric 
acid on ambreinolide (XXVI), and its structure had been established by Dietrich and 
Lederer ® who showed that, in spite of the ease with which it could be hydrogenated, it was 
not (XXVII). The acid derived from marrubiin was shown to be identical with a sample 
of the ambrein-degradation product which had been supplied by Professor E. Lederer 


CO.H co " 
re) 
OH 
H H H 
(XXVIII) (XXIX) CO-O (XXX) 


(m. p., mixed m. p., and infrared spectra). This identity was confirmed by comparison 
of the hydrogenated acids (XXVIII) and by converting the acid derived from marrubiin 
into the known lactone (X XIX) by osmium tetroxide. 

Whether the unsaturated acid should be formulated as (X XV) or (X XVII) is immaterial 
so far as correlation of the structures of marrubiin and ambrein is concerned, but the 
formulation (XXV) is perhaps more in keeping with its preparation from marrubiin. 

Formation of the unsaturated acid during the Wolff—Kishner reaction was surprising : 
the lactone (XXIIIb) may be an intermediate, as trial showed that when this is heated 


7 Collin-Asselineau, Lederer, Mercier, and Polonsky, Bull. Soc. chim. France, 1950, 720. 
® Ruzicka and Lardon, Helv. Chim. Acta, 1946, 29, 912. 
* Dietrich and Lederer, ibid., 1952, 35, 1148. 
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with alkali under the conditions of the Wolff—Kishner reduction (but in the absence of 
hydrazine) the unsaturated acid is produced in poor yield. 

The above correlation appears to establish the skeleton (XXI) in marrubiin; the 
formation of the “ ssoambreinolide ” (XXIIIb), which is known ® to be a y-lactone, gives 
further proof of the position of the tertiary hydroxyl group in marrubiin. The asymmetric 
centre carrying the bridgehead methyl group in these substances has remained unaffected 
during the transformations, and so the angular methyl group in marrubiin bears that 
stereochemical relationship to the ring system which has been found to be general for the 
resin acids, the triterpenoids, and the steroids. Recovery of some of the dilactone (IIa) 
in the initial hydrogenation shows that the ring junction is also unaffected, so that 
marrubiin has a ¢trans-ring junction. These are the only established stereochemical 
features of marrubiin. 

Arguments have been advanced ?° purporting to establish the configurations through- 
out the molecule of marrubiin, but they are unacceptable (although of course any of the 
conclusions may be true). 

Position 6 (numbering as XXI): As the keto-lactone C,,H,,O, (I) from anhydro- 
marrubiin or anhydrotetrahydromarrubiin is unchanged by alkali, Cocker, Edward, and 
Holley 7° infer that the 6-methyl group in marrubiin is equatorial («). However, if this 
methyl group were axial in marrubiin, the generated keto-lactone should be (XXX) (on 
their amended interpretation }” of the configuration of the lactone bridge) and it is to be 
expected that this tri-«-substituted ketone would pass into its C(g-epimer with such ease 
that failure to isolate it would occasion no surprise. 

Position 5: It is argued 1° that because anhydromarrubiin has an exocyclic double 
bond here the 5-hydroxylfgroup in marrubiin must be equatorial (8). This tacitly 
assumes that marrubiin, on dehydration, gives predominantly the product which has the 
exocyclic double bond. So far as we are aware, there is no published claim of a high yield 
of anhydromarrubiin or of anhydrotetrahydromarrubiin : we never obtained more than 
37%, and the major products are some other uncharacterised (unsaturated) substances. 
In the absence of evidence that exocyclic dehydration is favoured, any arguments based 
on that assumption are speculative. Even if it were known that exocyclic dehydration is 
favoured the argument that the 5-hydroxyl group of marrubiin is 8 is still unsound, 
because if the 6-methyl group is 8 then endocyclic dehydration is unfavoured whether 
the 5-hydroxyl group is « or 8. 

Positions 8 and 1: By applying Klyne’s lactone rule 4 to the molecular-rotation 
contribution of the bridging lactone Cocker e¢ al.!° ultimately deduce that the potential 
8-hydroxyl group must be 8 and that, in consequence, the 1-carboxyl group must also be 8. 
There is no reason to believe, however, that this ‘‘ lactone rule’ would be valid even for 
the structure favoured by Cocker e¢ al.—data concerning its application to such structures 
apparently do not exist.14_ Cocker e¢ al. point out 1° that vicinal effects could make the 
rule of Klyne and Stokes } invalid for this hydroxyl group. They ignore such effects in 
their stereochemical deductions, even though they believe ? them to be very strong in a 
related keto-acid. Furthermore, there is no stereochemical reason for omitting from 
consideration a ‘“‘ skew ’’ lactone bridge (l« —» 88 or 18 —» 82), so that the configuration 
at C,,) does not follow from that at Cig) (or vice versa), as has been assumed.1° 


EXPERIMENTAL 

Rotations were determined in B.P. chloroform and ultraviolet absorption spectra in ethanol 
solutions. 

Extraction of Marrubium vulgare (White Horehound).—The coarsely chopped, dry, whole 
plant (12-5 kg.) was extracted continuously with warm acetone for 72 hr. The cold extract 
(5 1.) was filtered from a crystalline wax A, and acetone was removed. A benzene solution of 

10 Cocker, Edward, and Holley, Chem. and Ind., (a) 1954, 1561; (b) 1955, 772; (c) cf. Klyne and 


Stokes, J., 1954, 1979. 
11 Klyne, ibid., 1954, 1198. 
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the residue was decanted from some syrup (from which potassium nitrate crystallised); 2% of 
alcohol was added and the solution was poured through a heated column of silica (1250 g.). 
The marrubiin was contained in the first 81. of eluate; further elution with benzene containing 
5% of alcohol gave successively a golden-yellow substance B, and a substance C; elution with 
methanol yielded a substance D. 

Marrubiin. The eluate was concentrated to 1 1. and the marrubiin which crystallised (206 g.) 
was washed with benzene. The green product was boiled for 5—10 min. with alcohol (250 ml.) 
and 10Nn-sodium hydroxide (25 ml.) (in which it did not dissolve) ; there was negligible loss and 
the pale green product, m. p. 154—156°, was pure enough for most purposes. Chromatography 
in benzene on alumina gave pure marrubiin, prisms (from ethyl acetate), m. p. 160°, [«]p +35-8° 
(c 1-2), infrared max. at 1780 cm. (in CS,). 

Other Substances isolated from Horehound.—The wax A 32 was chromatographed on alumina; 
benzene-light petroleum (1: 1) eluted hentriacontane, pearly plates (from benzene by addition 
of alcohol), m. p. 68-5—69-5° (Found : C, 85-15; H, 14-8. Calc. for C;,H,,4: C, 85-2; H, 14:8%). 
The benzene filtrate from which the marrubiin was initially crystallised was evaporated and a 
light petroleum solution of the residue was extracted with 90% aqueous methanol and 
evaporated, and the residue was boiled with several portions of methanol. The methanol 
extracted a wax which was then chromatographed on alumina: benzene containing 1—2% of 
alcohol eluted 8-sitosterol, m. p. and mixed m. p. 137°. The substance B crystallised from 
dioxan in golden needles, m. p. 215° (decomp.), Amax, 2180, 2870, 3320 A (log ¢ 4-52, 4-39, 4-43) 
in EtOH; 2040, 2900 A (log e 4-55, 4-27) in the presence of sodium hydroxide [Found : C, 64-7; 
H, 4-9; OMe, 19-3. C,;H, 9O,(OCH3), requires C, 64-55; H, 5-1; OMe, 19-6%]. The substance 
D crystallised in colourless rosettes (from 2-ethoxyethanol), m. p. 280—282° (Found: C, 72-3; 
H, 10-5. C,,;H 3,0, requires C, 72-3; H, 10-7%). 

Dilactone (Ila) of 8-(5-Carboxy-1 : 4-dihydroxy-2 : 5 : 9-trimethyl-1-decalyl)propionic Acid.— 
(a) The lactonic hydroxy-acid (II) (5-5 g.) was heated in nitrogen at 230° until gas evolution 
ceased (only water was evolved and only a few minutes were needed). The colourless residue 
was crystallised from ethyl acetate-cyclohexane or from cineole to give the dilactone (yield 
~100%) as needles, m. p. 163—164°, [a]? +29-3° (Found: C, 68-3; H, 8-15. Calc. for 
C,,;H,,0,: C, 69-8; H, 83%). (6) Marrubiin (6 g.) in acetic acid (60 ml.) was added to 
a solution of chromium trioxide (14 g.) in 85% acetic acid (140 ml.). After 2 days the solution 
was evaporated, hydrochloric acid (60 ml.) was added, and the syrup which was obtained by 
ether-extraction was chromatographed on silica (50 g.); benzene containing 2% of alcohol 
eluted the dilactone (1-35 g.), m. p. and mixed m. p. 163—164°. (c) A solution of the lactonic 
hydroxy-acid (II) (0-5 g.) in acetic anhydride (1 ml.) containing anhydrous sodium acetate 
(0-05 g.) was boiled for } hr. The residue obtained on evaporation was chromatographed on 
silica (20 g.) : benzene containing 2% of alcohol eluted successively the dilactone (0-13 g.; m. p. 
163—164°) and the acetate of the hydroxy-acid (II) (0-3 g.; m. p. 262—263°). 

Dilactone (XI) of a-Ethoxalyl-B-(5-carbory-1 : 4-dihydroxy-2 : 5 : 9-trimethyl-1-decalyl)pro- 
pionic Acid.—A solution of the dilactone (IIa) (1 g.) in ethyl oxalate (4 ml.) was heated with 
sodium ethoxide in ethanol (5%; 1-6 ml.) at 5|0—60°/100 mm. for 1 hr. and for a further 2 hr. at 
20 mm., the alcohol distilling (cf. Floyd and Miller 1%). The excess of ethyl oxalate was removed 
at a lower pressure and a methanolic solution of the residue was gradually acidified with dilute sul- 
phuric acid, so that the product crystallised. Recrystallisation from alcohol gave the a-ethoxalyl- 
dilactone (XI) as needles, m. p. 184-5—185°, [«]?? +36-01° (¢ 1-83), Amax. 2740 A (log « 4-01) 
displaced to 3230 A (log « 4-04) by sodium hydroxide (Found: C, 63-9; H, 7-4. C,,H,,0,; 
requires C, 64:3; H, 7-2%). It gave an intense purple colour with ferric chloride. It gave 
a 2: 4-dinitrophenylhydrazone (prepared in alcohol—phosphoric acid), yellow needles (from 
chloroform—alcohol), m. p. 242-5—244° (decomp.) (Found: C, 56-1; H, 5-65; N, 10-1. 
Cy7H 320 ,9N, requires C, 56-6; H, 5-6; N, 9-8%). 

Halogenation of the «-Ethoxalyl-dilactone (X1).—Bromine was rapidly decolorised (carbon 
tetrachloride; sunlight), but the halogen-containing oil did not crystallise. 

The ethoxalyl-dilactone (0-4 g.) was boiled with sulphuryl chloride (20 ml.) for 4 hr., the 
solution evaporated, and the residue chromatographed on silica (15 g.). Benzene containing 
1% of alcohol eluted an oil in which only slight granular crystallisation occurred even on long 
storage; the oil gave a precipitate with 2: 4-dinitrophenylhydrazine. When the oil was 

12 Seppi, Boll. Chim. farm., 1947, 86, 56. 

13 Floyd and Miller, J. Amer. Chem. Soc., 1947, 69, 2354. 
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dissolved in methanol, well-formed lath-like crystals of the methyl hemiketal of the «-chloro-a- 
ethoxalyl-dilactone (XII) (0-1 g.) slowly developed, and these readily recrystallised from 
methanol (see below) having m. p. 132-5—134-5°, [a], +5-37° (¢ 1-01), no considerable absorp- 
tion at 2 > 2050 A (Found : C, 57-35; H, 6-8; Cl, 7-8%; OAlk,1-97mol. C,,H,,0,Cl,CH,-OH 
requires C, 57-6; H, 6-8; Cl, 7-7%). The substance did not react with 2: 4-dinitrophenyl- 
hydrazine, and solutions of it did not crystallise when seeded with the original granular crystals. 

On concentration, the mother-liquors from the crystallisation of the hemiketal yielded the 
dilactone (XIII) (0-1 g.) of a-chloro-8-(5-carboxy-1 : 4-dihydroxy-2 : 5 : 9-trimethyl-1-decaly])- 
propionic acid as prismatic needles, m. p. 224-5—226°, [a]? +40-42° (c 1-01) (Found: C, 61-45; 
H, 6-6; Cl, 11-55. C,,H,,;0,Cl requires C, 62-5; H, 7-1; Cl, 10-9%). Recrystallisation of 
the «-chloro-«-ethoxalyl-dilactone hemiketal from methanol always resulted in partial loss 
of the ethoxalyl residue and formation of the chloro-dilactone: addition of a trace of hydro- 
chloric acid to the methanol suppressed the hydrolysis but conversion into the chloro-dilactone 
was complete and rapid in methanol containing a trace of sodium hydroxide. 

The chloro-dilactone was recovered after boiling in pyridine or collidine (3 hr.) ; collidine at 
250° (4 hr.) or trimethylamine at 250° (2 hr.) yielded an oil and a substance (10—15%) which 
crystallised from ether as needles (m. p. 250—255°), was halogen-free, and gave a faint colour 
with tetranitromethane. 

Ozonolysis of the «-Ethoxalyl-dilactone (XI).—Ozonolysis of this lactone (0-3 g.) was carried 
out in chloroform at —60° until the ferric chloride test was negative (4 hr.). The solution was 
shaken with ice-water and evaporated: a methanol solution of the residue deposited crystals 
(0-094 g.), m. p. 192—194° (decomp.). The evaporated mother-liquors were chromatographed 
on acid-washed silica (10 g.) : benzene eluted more (0-08 g.) of the same material, and benzene 
containing 1% of alcohol then eluted a second substance (0-065 g.), m. p. 230—233°, which 
crystallised when alcohol was added. 

The substance of lower m. p. was recrystallised from chloroform—alcohol to give the mixed 
carbonic anhydride (XVIII), needles, m. p. 195—197° (decomp.), [a]? +11-07° (¢ 1-16), Amax. 
2180 A (log ¢ 2-41), 1827 and 1766 cm. (Found : C, 63-2; H, 6-75. C,;H,,O, requires C, 63-3; 
H, 6-9%). When the substance was heated at 210—220° carbon dioxide (1-4 mol.) was evolved, 
but no carbon monoxide. It gave no precipitate with 2: 4-dinitrophenylhydrazine and no 
colour with ferric chloride. It was unstable in solution: it could not be recovered from an 
alcoholic solution which had been kept for 2 days at room temperature. 

The substance of higher m. p. was recrystallised from alcohol to give the dilactone (XIV) of 
a-oxo-B-(5-carboxy-1 : 4-dihydroxy-2 : 5 : 9-trimethyl-1-decalyl) propionic acid as prisms, m. p. 
235-5—236-5°, [a]? —31-32° (¢ 1-01), Amax, 2340 A (log ¢ 4-02) displaced to 2700 A (log e 3-93) by 
sodium hydroxide [Found : C, 66-3; H, 7-4%; equiv. (at 0°), 301. C,,H,.O,; requires C, 66-65; 
H, 7-2%; equiv., 306]. It gave a yellow 2: 4-dinitrophenylhydrazone, and the violet colour 
given with ferric chloride was liable to be masked by the formation of an orange precipitate. 
Its oxime (prepared in pyridine} formed prisms (from alcohol), m. p. 259-5—261-5° (decomp.), 
Amax. 2280 A (log ¢ 4-03), displaced to 2750 A (log ¢ 4-01) by sodium hydroxide (Found : C, 63-8; 
H, 6-9; N, 4:1. C,,H,,;0;N requires C, 63-5; H, 7-2; N, 4:4%). Diazomethane at 0° 
converted the oxime into its methyl ether, needles (from ether), m. p. 187-5—188-5° (decomp.), 
Amax. 2790 A (log ¢ 4-2) (Found : C, 64-2; H, 7-5; N, 4-4. C,sH,,;0;N requires C, 64-5; H, 7-5; 
N, 4:2%). 

Lactone (XIX) of 5-Carboxy-1: 4-dihydroxy-2 : 5: 9-trimethyl-1-decalylacetoxamic Acid.— 
Hydroxylamine hydrochloride (0-046 g.) was added to a solution of the mixed carbonic anhydride 
(0-344 g.) in pyridine (0-75 ml.). Vigorous evolution of carbon dioxide occurred immediately 
(Found: 0-82 mol.). The reaction mixture was acidified and extracted with ether; evaporation 
of the ether gave the hydroxamic acid (XIX), needles (0-13 g.) (from alcohol), m. p. 232-5—234-5° 
(decomp.) (Found: C, 61-6; H, 8-4; N, 4-65. C,,H,,;0O;N requires C, 61-7; H, 8-1; N, 4:5%). 
It gave a deep red colour with ferric chloride and an insoluble blue-green complex with copper 
acetate. 

Pyrolysis of the Mixed Carbonic Anhydride (XVII1).—The anhydride (1-1 g.) was heated 
under nitrogen at 210—220° until gas evolution ceased. The residue, which crystallised, was 
chromatographed on acid-washed silica (35 g.); benzene eluted 8-hydroxy-1 : 6: 10-trimethyl- 
5-methylenedecalin-1-carboxylic lactone (XV) (0-48 g.), needles (from aqueous methanol), m. p. 
117—118-5°, [a], +2-04° (¢ 2-0), Amax. 2080 A (log e 3-07) (Found: C, 76-5; H, 9-6. C,;H,,0, 
requires C, 76-9; H, 9-5%). It gave only a pale colour with tetranitromethane. Subsequent 
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elution with benzene containing 1% of alcohol yielded 5-carboxy-4-hydroxy-2 : 5 : 9-trimethyl- 
decalylideneacetic acid 5 — 4-lactone (XVII) (0-62 g.), needles, m. p. 229—-230° (slow evolution 
of gas begins a few degrees above the m. p.), {«]#* + 42-57° (¢ 1-01), Amax, 2210 A (log « 4-11) 
(Found: C, 68-9; H, 7-95. C,,H,,O, requires C, 69-0; H, 8-0%). It gave no colour with 
tetranitromethane. Its methyl ester (diazomethane) formed needles (from aqueous methanol), 
m. p. 169-5—170-5°, [a]2? +64-9° (c 1-64), Amex, 2240 A (log « 4-26) (Found: C, 69-9; H, 8-3. 
C,,H,,O, requires C, 69-8; H, 8-3%). 

Ozonolysis of the Olefinic Lactone C,,H,.O, (XV).—After ozonolysis in methylene dichloride at 
— 60°, the solvent was removed and the residue was decomposed with potassium ferrocyanide 
solution and steam-distilled. The steam-distillate contained formaldehyde (identified as its 
dimedone compound, m. p. and mixed m. p. 187—188°), and by the colour reaction with 
phenylhydrazine hydrochloride—potassium ferricyanide). The residue was extracted with 
chloroform which, on evaporation, yielded 8-hydroxy-1 : 6: 10-trimethyl-5-oxodecalin-1- 
carboxylic lactone (I), needles (from methanol), m. p. 195—196-5° undepressed on admixture 
with material prepared from anhydrotetrahydromarrubiin (Found: C, 71-4; H, 8-5. Calc. 
for C,,H,,O,: C, 71-2; H, 8-5%). 

Ozonolysis of the Unsaturated Acid-lactone C,,H,,0, (XVII).—After ozonolysis in methylene 
dichloride at —20°, ice-water was added and the mixture was steam-distilled. The keto- 
lactone (I) crystallised from the residual liquid. It formed needles (from methanol), m. p. and 
mixed m. p. 194-5—196°. 

The Olefinic Lactone C,;H,.O, (XV).—The unsaturated acid-lactone (XVII) (0-164 g.) was 
heated at 240—250°; carbon dioxide was evolved. The residue was chromatographed on 
acid-washed silica (10 g.), and benzene containing 1% of alcohol eluted this olefinic lactone 
(0-12 g.), needles, m. p. 111—113° after crystallisation from methanol; the m. p. was raised to 
114—116° on admixture with material prepared by pyrolysis of the mixed carbonic anhydride 
(XVIII). 

B-(5-Carboxy-1-hydroxy-2 : 5 : 9-trimethyl-A‘-1-octalyl)propionic Lactone (III).—Powdered 
toluene-p-sulphonyl chloride (0-9 g.) was added with cooling to the lactonic hydroxy-acid (IT) 
(1 g.) in pyridine (0-6 ml.). After the mixture had been kept overnight at room temperature 
it was acidified with hydrochloric acid. Extraction with chloroform gave an oil from which, 
on addition of alcohol, the unsaturated lactone-acid (III) (0-3 g.) crystallised. The evaporated 
mother-liquors were chromatographed on silica (10 g.): benzene containing 0-5% of alcohol 
eluted successively the dilactone (Ila) (0-34 g.), m. p. and mixed m. p. 163—164°, and the 
unsaturated lactone-acid (III) (0-17 g.), needles (from alcohol), m. p. 249—251° (decomp.), 
[aj +32-1° (c 0-87) (Found: C, 69-8; H, 8-4. C,,H,,O, requires C, 69-8; H, 83%). It 
gave only a very pale yellow colour with tetranitromethane and was not reduced when shaken in 
acetic acid with hydrogen and Adams catalyst. No crystalline products could be obtained 
after oxidations with ozone, alkaline potassium permanganate (3 atom-equiv. of O), or chromium 
trioxide—acetic acid (3 atom-equiv. of O). 

8-(1-Hydvoxy-2 : 5 : 9-trimethyl-A50%)-]-octalyl)propionic Lactone (V).—The unsaturated 
lactone-acid (III) (0-15 g.) was heated under nitrogen at 260°; carbon dioxide was evolved. 
The residue, crystallised from aqueous methanol, gave the unsaturated Jactone (V) (0-11 g.) as 
needles, m. p. 121-5—123-5°, [a]% +81° (c 2-53), Amax, 2120 A (log e 3-45) (Found: C, 77-65; 
H, 9-8. C,,.H,,O, requires C, 77-4; H, 9-7%). It gave an intense yellow colour with tetra- 
nitromethane. It was catalytically reduced (Adams catalyst), and the product (m. p. 97-5— 
99-5°) gave no colour with tetranitromethane. 

Oxidation of §8-(1-Hydroxy-2: 5: 9-trimethyl-A®°-]-octalyl)propionic Lactone (V).— 
(a) Selenium dioxide. The lactone (0-1 g.) in dioxan (2 ml.) containing water (2 drops) was 
boiled for 40 min. with selenium dioxide (0-05 g.). When the product was chromatographed 
on silica (20 g.), benzene containing 1% of alcohol eluted 6-[1 : 2 : 6(or 3) : 7 : 8 : 9-hexahydro-1- 
hydroxy-2 : 5 : 9-trimethyl-1-naphthyl)propionic lactone (IX), prisms or needles (0-02 g.) (from 
aqueous methanol). M. p., mixed m. p., and ultraviolet absorption showed its identity with 
material prepared from the epoxide (VII) (see below). 

(b) Osmium tetroxide. Aqueous osmium tetroxide (1%; 10 ml.) was added to the un- 
saturated lactone (0-1 g.) in éert.-butyl alcohol (4 ml.). After reaction had taken place, the 
osmium complex was decomposed: the best method consisted in passing hydrogen sulphide 
into a solution in 80% aqueous dioxan; alum (i mg.) in a few drops of water was added, and 
osmium sulphide removed on the centrifuge. The oily product was chromatographed on 
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silica (25 g.). After removal of a small amount of a blue substance with benzene containing 1% of 
alcohol, benzene containing 5% of alcohol eluted the y-/actone (VIII) of 6-(1: 5: 10-trihydroxy- 
2: 5: 9-trimethyl-1-decalyl)propionic acid, which formed prisms (from acetone), m. p. 189-5— 
190-5°, [«]}? —29-5° (c 1-2) (Found: C, 67-3; H, 9-3. Cy gH,.O, requires C, 68-05; H, 9-3%). 

(c) Potassium permanganate. A 4% solution of potassium permanganate in 50% aqueous 
acetic acid (22 ml.) was added to one of the unsaturated lactone (1-04 g.) in acetic acid (10 ml.). 
After } hr. the solution was just decolorised with sulphur dioxide and evaporated, and the 
residue was shaken with water and chloroform. The material extracted by the chloroform 
was chromatographed on silica (30 g.); benzene containing 1% of alcohol eluted 8-(5 : 10-epory- 
1-hydroxy-2 : 5 : 10-trimethyl-1-decalyl)propionic lactone (VII), needles (0-42 g.) (from ether-— 
light petroleum), m. p. 136—137°, [a]? +-7-5° (c 1-66) (Found: C, 72-6; H, 9-4. C,,H,,0, 
requires C, 72-7; H, 9-15%). 

6-[1 : 2: 6(or 3) : 7: 8: 9-hexahydro-1-hydroxy-2 : 5 : 9-trimethyl-\-naphthyl|propionic Lactone 
(IX).—A solution of the epoxide (VII) (0-8 g.) in 85% alcohol (15 ml.) containing sulphuric acid 
(3 drops) was boiled for } hr. ‘The diene-lactone (IX) crystallised when the solution cooled, and 
more was obtained when the solution was neutralised and concentrated (total yield 0-63 g.); 
from methanol it formed prisms (slow crystallisation) or needles (rapid crystallisation), m. p. 
107—108°, [a]?! —292-2° (c 0-98), Amax, 2300, 2370, 2440 A (log ¢ 4-25, 4-29, 4-09) (Found: 
C, 77-8; H, 9-0. C,,H,.O, requires C, 78-0; H, 9-0%). It gave an orange colour with tetra- 
nitromethane. Boiling with selenium dioxide in dioxan gave a low yield of a substance, m. p. 
165—167°, which was eluted from silica by benzene containing 0-5% of alcohol. The ultra- 
violet absorption spectrum remained unchanged when the diene-lactone was boiled for 15 hr. 
with sulphuric—acetic acid (1: 4). The diene-lactone was heated with sodium ethoxide (7 mol.) 
in diethylene glycol for 5 hr. at 200°; ether-extraction of the diluted solution gave an oil the 
ultraviolet absorption spectrum of which had no triple peak in the 2300—2450 A region but 
had a maximum at 3120 A. 

The Diene-diol C,,.H,,O, (X).—The diene-lactone (IX) was boiled for 1-5 hr. with lithium 
aluminium hydride (1 mol.) in ether. Working up in the usual way gave 3-(1:2:6:7:8:9- 
hexahydro-1-hydroxy-5 : 9-dimethyl-1-naphthyl)propan-l-ol (X), needles (from acetone), m. p. 
100-—101-5°, [a]? —132-6° (c 1-7), Amax, 2300, 2380, 2460 A (log e 4-24, 4-28, 4-08) (Found: 
C, 76-3; H, 10-6. C,,H,,O, requires C, 76-75; H, 10-5%). It gave an orange colour with 
tetranitromethane, and a p-nitrobenzoate, flakes (from light petroleum), m. p. 92—93° (Found : 
C, 69-0; H, 7-3; N, 3-6. C,3;H,.O;N requires C, 69-15; H, 7-3; N, 3-5%). 

When the diene-diol was boiled with phosphorus trichloride in benzene an oil was formed 
which had an ultraviolet absorption spectrum similar to that of the diene-diol. 

Dilactone of 8-(5-Carboxy-1 : 4-dihydroxy-2 : 5 : 9-trimethyl-A®-1-octalyl)propionic Acid.— 
A solution of the keto-acid (XXII) (5-37 g.) in acetic anhydride (55 ml.) was boiled for 2 hr. 
under nitrogen, sodium acetate (0-04 g.) was added, and boiling was continued for a further 2 hr. 
The solution was evaporated to dryness (low pressure) and a chloroform solution of the residue 
was washed with aqueous sodium carbonate. Removal of the chloroform gave the enol lactone,? 
prisms (3-44 g.) (from ethyl acetate), m. p. 141—142°, [a]? —138° (c 1-68), infrared max. at 
1778, 1757, 1700 cm. (in CHCl,) and 847 cm." (in Nujol) (Found: C, 70-2; H, 7-75. Calc. 
for C,,H,,0,: C, 70-3; H, 7-6%). 

Hydrogenolysis of the Enol Lactone C,,;H,,0,.—The enol lactone (0-5 g.) was hydrogenated 
in acetic acid (platinum oxide, 1 atm., room temp.). The solvent was evaporated and a 
chloroform solution of the residue was extracted with dilute sodium hydroxide solution. 
Evaporation of the chloroform yielded the dilactone (IIa) (0-14 g.), m. p. and mixed m. p. 
162—163°. Acidification of the alkaline extract gave the y-lactone (XXIII) (0-39 g.) of B-(5- 
carboxy-1l-hydroxy-2 : 5 : 9-trimethyl-1-decalyl)propionic acid as prisms, m. p. 273-5—275-5° 
(lit.,2 262—264°), [a]?! —4-24° (c 2-79) (Found: C, 68-8; H, 8-9. Calc. for C,,H,,O, : C, 69-4; 
H, 8-9%), the methyl ester (prepared by diazomethane) of which formed plates, m. p. 134— 
136°, [a]# 0° + 0-75° (c 2-06) (from methanol) (Found: C, 70-2; H, 9-3. C,,H,,O, requires 
C, 70-1; H, 9-15%). 

8-(5-Formyl-1-hydroxy-2 : 5 : 9-trimethyl-1-decalyl)propionic Lactone (XXIIIa).—(a) Purified 
thionyl chloride (0-5 ml.) and pyridine (1 drop) were added to a suspension of the acid (XXIII) 
(1 g.) in anhydrous ether (8 ml.) at 0°. After 4-5 hr. at room temperature all the solid had 
dissolved and the acid chloride was crystallising. The solution was evaporated and the 
crystalline residue was kept at 100° for 1 hr. under reduced pressure. 
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(b) A solution of this acid chloride in xylene (5 ml.) containing 5% palladised barium sul- 
phate (0-2 g.) was boiled and stirred while a brisk stream of hydrogen was passed through it; 
the theoretical amount of hydrogen chloride was evolved in 2-75 hr. The aldehyde-lactone 
(XXIIIa) crystallised when the xylene was removed in steam and from methanol formed 
plates (0-83 g.), m. p. 136-5—137-5°, [a]% —33-55° (c 2-65), Amax, 2790 A (e 28) (Found : C, 73-0; 
H, 9-5. C,;H,,O; requires C, 73-3; H, 9-4%). It gave a yellow 2: 4-dinitrophenylhydrazone, 
and a semicarbazone, needles (from methanol), m. p. 232—234° (decomp.) (Found: C, 64-7; 
H, 9-0; N, 11-1. C,gH,,0,N; requires C, 64-45; H 8-7; N, 12-5%). 

Wolff—Kishner Reduction of the Aldehyde-lactone (XXIIIa).—The aldehyde-lactone (4-5 g.), 
diethylene glycol (50 ml.), alcohol (25 ml.), sodium ethoxide (from 0-45 g. of sodium), and 
hydrazine (15 ml.) were boiled together for 14 hr. More sodium ethoxide (from 1-4 g. of 
sodium in 25 ml. of alcohol) and benzene (& ml.) were added, the lower-boiling materials were 
distilled off and the solution was kept at 260° for 5 hr. The solution was diluted with water, 
acidified, and extracted with chloroform, and the extracted oil was chromatographed on acid- 
washed silica (80 g.). Elution with benzene gave successively (a) 8-(2: 5:5: 9-tetramethyl- 
A'-l-octalyl)propionic acid (XXV) (2-8 g.), needles (from 95% methanol), m. p. 122—123-5°, 
(a)? + 86-3° (c 1-16) (Found: C, 77-2; H, 10-75. Calc. for C,;H,,0O,: C, 77-2; H, 10-7%), 
and (b) 8-(l-hydroxy-2: 5:5: 9-tetramethyl-l-decalyl)propionic lactone (XXIIIb) (1-2 g.) 
which crystallised slowly on the addition of methanol as needles, m. p. 96-5—97-5°, [«]?? —10-1° 
(c 1-58) (Found: C, 76-9; H, 10-7. Calc. for C,,H,,0,: C, 77-2; H, 10-7%). The acid gave 
a strong yellow colour with tetranitromethane, and was identical (mixed m. p. and infrared 
spectrum) with a sample of an unsaturated acid prepared from ambrein by Professor E. 
Lederer * {m. p. 122°5—124°, [a]? +90-9° (c 1-69)}. The lactone gave no colour with tetra- 
nitromethane and was insoluble in cold dilute aqueous sodium hydroxide. At Professor E. 
Lederer’s suggestion it was compared with a sample of the “ isoambreinolide’’ of m. p. 98° 
which he had prepared ? from ambreinolide; the mixed m. p. was 96-5—98°. 

Conversion of the Lactone (X XIIIb) (“ isoAmbreinolide ’’) into the Unsaturated Acid (XXV).— 
A solution of sodium ethoxide (from 0-04 g. of sodium in 1-5 ml. of alcohol) was added to one 
of the lactone (0-1 g.) in diethylene glycol (1-5 ml.), the alcohol was removed, and the solution 
was heated at 200° for 5 hr., diluted, acidified, and extracted with chloroform. The extracted 
oil was chromatographed on silica; benzene eluted an oil (0-04 g.) which, after crystallisation 
from aqueous methanol, gave the unsaturated acid (X XV), m. p. and mixed m. p. 121—122-5°. 

B-(2: 5:5: 9-Tetramethyl-1-decalyl)propionic Acid (XK XVIII).—The unsaturated acid (X XV) 
(0-2 g.) (prepared from marrubiin) was hydrogenated (Adams catalyst) in acetic acid. Removal 
of the solvent gave the saturated acid (XXVIII), needles (from methanol) (0-18 g.), m. p. 
137-5—138-5°, [a]? +-37-73° (c 2-36) (Found: C, 76-7; H, 11-4. Calc. for C,,H,,0,: C, 76-6; 
H, 11-35%). The unsaturated acid (XXV) which had been derived from ambrein was similarly 
hydrogenated; the product had m. p. 137—138-5°, [a]? +40-17° (c 2-23). A mixture of the 
two substances melted at 137-5—138-5°. 

y-Lactone of 8-(1: 2-Dihydroxy-2: 5:5: 9-tetramethyl-1-decalyl)propionic Acid (XXIX).— 
The unsaturated acid (XXV) was hydroxylated with osmium tetroxide in pyridine by the 
method of Dietrich, Lederer, and Mercier '* and the product was chromatographed on acid- 
washed alumina. Benzene containing 0-5% of alcohol eluted the hydroxy-lactone (XXIX), 
flat needles (from ether-light petroleum), m. p. 142-5—144°, [a]? —3-75° (c 1-47) (Found: 
C, 72-8; H, 10-2. Calc. for C,;H,,0,: C, 72-8; H, 10-1%). Dietrich, Lederer, and Mercier !4 
report m. p. 143—144°, [a], —4°5° (¢ 1-1), for material prepared from ambrein. 


” 


We thank Professor E Lederer, of Paris, for generous gifts of the ambrein degradation 
product (XXV) and of isoambreinolide, and for bringing to our notice the probable identity 
of the latter with one of our products; we also thank Professor D. H. R. Barton, F.R.S., for 
his advice and interest, and Miss E. M. Tanner of Parke Davis & Co. for the determination 
of the infrared absorption spectra and for helpful discussions. 
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14 Dietrich, Lederer, and Mercier, Helv. Chim. Acta, 1954, 37, 705. 
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580. The Activation of Carbon—Carbon Double Bonds by Cationic 
Catalysts. Part V.1 The Dimerization of 1: 1-Diphenylethylene in 
the System Benzene-Stannic Chloride—Water. 


By Atwyn G. Evans and J. Lewis. 


Dimerization of 1 : 1-diphenylethylene in benzene-stannic chloride—water 
has been studied by a dilatometric method. There is no reaction in the 
absence of water, and the true catalyst is stannic chloride dihydrate. Non- 
reacting systems are colourless, but reacting systems have an absorption 
spectrum similar to that given by this olefin in various acid solutions. 


IN earlier Parts of this series 1 we reported the dimerization of 1 : 1-diphenylethylene and 
its derivatives, using trichloroacetic acid and iodine as catalysts. This work has now been 
extended by using stannic chloride-water as catalyst. 


EXPERIMENTAL 

Maiterials.—Stannic chloride was prepared by direct combination of the elements,? or by 
a new technique in which fused stannous chloride was electrolyzed in a Pyrex glass apparatus 
under a high vacuum (see Fig. 1). Anhydrous “ AnalaR ’’ stannous chloride was distilled from 
A into the electrolytic cell, C, under a high vacuum after the whole apparatus had been baked 
out. Vessel A was sealed off at X, the stannous chloride fused by the heater H, and a 12 v D.C. 
potential applied across the terminals T, and T, (7, led to a gas-carbon rod which served as 
anode). Bubbles of stannic chloride vapour rose from the anode. The first runnings were 
pumped out and then the system was sealed off at Y. Electrolysis was continued until sufficient 
stannic chloride had been condensed in- the sample holder, S, which was removed from the 
system by being sealed off at Z. 


Fic. 1. Fic. 2. 


Y_— High 
—*vocuum 





High vocuum 
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Os 


1: 1-Diphenylethylene (from Messrs. Mersey Chemicals Limited) was fractionated at 
atmospheric pressure from potassium hydroxide pellets through a 30 cm. Hempel column packed 
with glass rings. The fraction boiling at 268—270° was collected and distilled under a high 
vacuum in an all glass apparatus. “‘ AnalaR’’ benzene was further refined by standard 
methods, and, where the utmost purity was required, was outgassed under a high vacuum and 
distilled over a bright sodium film. Solutions containing a known concentration of water in 
benzene were prepared by saturating purified benzene with distilled water in thermostats, the 
known data for the solubility of water in benzene * being used. 

Procedure.—Method A. Dilatometers were filled by means of an apparatus illustrated 
in Fig. 2. Vessels A,, A,, and A, contained stannic chloride, 1: 1-diphenylethylene, and 
benzene respectively, each introduced by high-vacuum distillation. G is a calibrated bulb 
filled under a high vacuum with a known volume of stannic chloride. The apparatus was well 
baked out under a high vacuum and then sealed off at B’. The monomer was distilled from 


1 Parts I—IV, Evans, Jones, and Thomas, J., 1955, 1824; Evans, N. Jones, P. M. S. Jones, and 
Thomas, J., 1956, 2757; Evans, P. M. S. Jones, and Thomas, J., 1957, 104, 2095. 

? Baxter and Starkweather, J. Amer. Chem. Soc., 1938, 44, 288. 

* Internat. Crit. Tables, Vol. III, p. 389. 
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A, to C after the connecting capillary had been broken magnetically (M), and the system was 
sealed off at A,’. The capillary A, was broken and the stannic chloride distilled through the 
monomer in C and condensed in D, which was then sealed off. This was done in order to 
remove the last traces of impurity from the olefin; the amount of dimerization produced by 
this treatment was negligible, since the impurity (7.e., co-catalyst) remaining at this stage was 
so small. The treated monomer was distilled into the calibrated vessel EF, so that its meniscus 
lay in the lower graduated stem, and the system sealed off at C’. The capillary at A, was 
then broken and benzene distilled into the calibrated vessel E, to reach some level in the upper 
graduated stem. The system was sealed off at A,’. Finally the bulb G was broken and the 
contents distilled into the benzene-monomer mixture. The system was sealed off at E’, the 
three components thoroughly mixed by agitation of the apparatus, and the dilatometer H and 
the optical cell J filled to suitable levels and sealed off at H’ and J’. After 2—3 days, water 
was introduced into the dilatometer and into the optical cell by sealing a small bulb containing 
a known quantity of water vapour, or of benzene saturated with water, on to the side tubes 
K and L, and breaking the fragile capillaries with a magnetically operated breaker. By 


Fic. 3. Initial rates for highly purified systems 
at 39-9°. 





























Fic. 4. Volume change during reaction at 39-9°. 
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A, Initial [monomer] 1-10 mole 1.-'; [stannic 
chloride] 4-73 x 10° mole 1.4. B, As A 
with water (7-74 x 10° mole 1.-") added. 
A’, Initial [monomer] 1-22 mole 1."}; 
[stannic chloride] 1-86 x 107! mole 1.-!. 
B’, As A’ with water (1-47 x 10° 
mole 1.-!) added. 


Time (hr.) 
Total [SnCl,] 0-172 mole 1-4; [added H,O] 
1-22 x 10°? mole 1.-'; initial [monomer] 
(A) 1-65, (B) 1-10, (C) 0-77 mole 1. 


thorough agitation of the system before re-sealing of the dilatometer and the optical cell, 
solutions were obtained in each having the same, known, water concentration. Dilatometers 
and optical cells were filled in this way with solutions having various, known concentrations 
in 1: 1-diphenylethylene, stannic chloride, and water. 

Method B. Other dilatometers were filled by mixing varying quantities of monomer-— 
benzene, stannic chloride—benzene and water—benzene master solutions by the method described 
in Part I’. 

The dilatometers and optical cells were kept at 30-3°, 39-9°, and 55-0° in thermostats (-+0-05°) 
The volume changes were followed in the dilatometers, and the accompanying changes in the 
spectrum were measured in the optical cells by a Unicam S.P. 500 Spectrophotometer. The 
rate of change of volume was converted into mole 1.-! hr.“ of dimer produced (as described in 
Parts I and II *), by using the following values for the volume change accompanying the complete 
conversion of 1 mole of monomer into $ mole of dimer: 11-95 ml. at 30-3°, 11-70 ml. at 39-9°, 
and 12-60 ml. at 55-0°, which we have found for the conditions obtaining in this present work. 


RESULTS 
When olefin and stannic chloride were mixed as in method A, the reaction rate was negligible, 
(Fig. 3, curve A). Onintroduction of water to such a system (provided the [water] /[total stannic 
chloride] molar ratio was not much greater than 2), a very marked acceleration in the rate was 
obtained (Fig. 3, curve B). It is clear, therefore, that water is necessary for the reaction, and 
that the small reaction occurring in the rigorously dried systems is due to the trace of water 
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still remaining in the reagents. It being established that a co-catalyst is necessary, the systems 
containing various amounts of water were made up by method B, in which much less rigorous 
drying of the reagents was involved. Systems containing benzene, olefin, stannic chloride, and 
water, made by this method, gave reaction curves of the type shown in Fig. 4, the volume 
decreasing until a constant value was obtained. (No volume change occurred in the absence 
of monomer.) The product of the reaction was separated as described in Part I, and it was 
again found to be solely 1: 1:3: 3-tetraphenylbut-l-ene (see also Schoepfle and Ryan ‘). 
Further, the amount of dimer obtained from the equilibrium solutions agreed to within +5% 
with that expected from the observed volume change (see Part I). Initial rates of reaction 
were found from the initial slopes of the reaction curves, and the dependence of rate on concen- 
tration of added water for constant [total stannic chloride] and constant [olefin] is shown for 
a typical case in Fig. 5a, curve A. It is seen that the initial rate of dimerization in absence of 
added water, although small, is finite (4-7 x 10 mole 1.1 hr.-'). Systems of the same olefin 
and stannic chloride concentration purified by method A, however, show no such intercept, 
(see Fig. 5a, curve B). It is thus clear that the finite intercept on the ordinate in curve A, for 


Fic. 5. Variation in initial rate at 39-9° with variation in water concentration. 
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(5a) Curve A, Initial [monomer] 1-13 mole 1.-? ; [Total stannic chloride] 7-01 x 10- mole1.-. 
R = Residual water in the reagents (obtained by extrapolation) = 3-0 x 10-* mole 1.-'. 
Curve B, Highly purified systems; data obtained from curves A and B of Fig. 3. 

(56) Initial [monomer] 1-13 molel.-!; [Total stannic chloride] (A) 9-21 x 10-3, (B) 7-01 x 10-3, 
(C) 4-84 x 10° mole 1. 


systems made up by method B, is due to residual water. We have therefore extrapolated the 
curve back to the axis and get a value of 3-0 x 10% mole 1.-! for the residual water in this 
experiment. In this way we find that the maximum rate occurs for a [total water]/[total 
stannic chloride] molar ratio of (3-0 + 11-5)/7-0 = 2-1. In Fig. 5b are shown results for 
different stannic chloride concentrations: the maximum rate of dimerization occurs at a 
{total water]/[total stannic chloride] molar ratio of 2+ 0-1. Thus the true catalyst in this 
system is SnCl,,2H,O. 

In Fig. 6 we plot log (initial rate) against log [initial monomer] for constant [total stannic 
chloride] and constant [total water]: the order in monomer is 2-3 + 0-3. In Fig. 6 we also 
plot log (initial rate) against log [SnCl,,2H,O] for constant [initial monomer] and constant 
{total water] /[total stannic chloride] molar ratio of 2, and find the order in SnCl,,2H,O to be 
2:0 + 0-5. Also in Fig. 6 we plot log (initial rate) against log [total stannic chloride] for 
systems in which the [total water]/[total stannic chloride] molar ratio is not greater than 2: 
over a considerable range of stannic chloride concentration, the order in [total stannic chloride] 
is 0-9 + 0-1. 

The values of [M], and [D], (the concentrations of monomer and dimer at equilibrium) have 
been obtained for solutions of different initial monomer concentrations as described in Part I. 
In Fig. 7 the plot of log [D], against log [M], is given, and the slope of the line found to be 


* Schoepfie and Ryan, J. Amer. Chem. Soc., 1930, 52, 4021. 
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TABLE 1. 
[Initial monomer] [Total stannic chloride] [Total water] ky * K 
Temp. (mole 1.-*) (10-$ mole 1.-*) (10-% mole 1.-") (10-? mole 1.3 sec.-!) (mole 1.) 

39-9° 1-13 4-84 9-41 9-1 11-1 
39-9 1-13 7-10 14-8 9-5 10-9 
39-9 1-13 8-21 17-3 11-8 11-6 
39-9 1-65 172 15-2 9-2 11-0 

Mean 9-9 11-2 


* hk; is evaluated in terms of the number of moles per 1. of dimer appearing per second. 


TABLE 2. 
—AH° —AG° —AS° 
(mole 1.) (kcal. mole) (kcal. mole!) (cal. mole! deg.—!) 
19-9 + 0-4 (30-3°) 10-5 + 0-5 1-8 (30-3°) 28-7 (30-3°) 
11-2 + 0-4 (39-9°) 
5-4 + 0-2 (55-0°) 


1-9 + 0-1, showing that [D],/[M],2 = K. These equilibrium constants, K, are found to be 
independent of the [total water] and [total stannic chloride] present (see Table 1). They have 
been determined for three temperatures (see Table 2), and the plot of log K against 1/T has 
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been used to find the exothermicity of the reaction; the value obtained (—AH°) from the slope 
of this line is 10-5 + 0-5 kcal. mole (see Table 2). The values of AG° and AS° for this 
dimerization are also given in Table 2. 

All the solutions studied were seen to be homogeneous, and the results were very reproducible. 
For example, a practically two-fold change in the stannic chloride concentration gave a value 
of 2, constant to within +5%, for the [total water]/[total stannic chloride] molar ratio at the 
maximum rate of dimerization. 

We have also examined the spectra of these solutions, since it is important to know whether 
stannic chloride can interact with the olefin double bond in the absence of co-catalyst to give 
a coloured species, and, further, whether the reacting system is spectroscopically different from 
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the non-reacting system. For these experiments we used concentrations of stannic chloride 
some 20—40 times greater than applying to Fig. 3, curve A, but, even so, in the rigorously 
purified systems there was no detectable colour (see Fig. 8a). For this system the reaction 
rate is shown in Fig. 3, curve A’. (The fact that the slope of curve A’ is greater than that of 
curve A is due, of course, to the very much greater stannic chloride concentration present in 
the former case.) On addition of water, the reaction rate increased very greatly (Fig. 3, curve 
B’), and simultaneously the spectrum changed to give absorption in the violet end of the visible 
region and a peak in the 600 my region, the solution now appearing green (see Fig. 8d). 
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(a) Spectrum of system given in Fig. 3, curve A’. (6) Spectrum of system given in Fig. 3, curve B’. 


DISCUSSION 


Friedel-Crafts catalysts do not polymerize olefins unless a co-catalyst, ¢.g., water, is 
present. This has been shown for boron trifluoride,® titanium tetrachloride,* and stannic 
chloride.? The work described in this paper shows that 1: 1-diphenylethylene is not 
dimerized by stannic chloride in benzene, but that addition of small traces of water brings 
about this reaction. Maximum rate of dimerization occurs when the [total water] /(total 
stannic chloride] molar ratio is 2; this was also found by Colclough ® for the polymeriz- 
ation of styrene in styrene-stannic chloride—1 : 2-dichloroethane—water. 

Any mechanism put forward for the dimerization of 1 : 1-diphenylethylene in benzene- 
stannic chloride-water must account for the following observations. The initial rate of 
dimerization is (a) of second order in monomer, (b) of second order in [SnCl,,2H,O], (c) 
of first order in [total stannic chloride} provided the molar ratio [total water] /[total stannic 
chloride] < 2, and (d) of first order in [total water], provided the molar ratio [total water]/ 
[total stannic chloride] < 2. The order in catalyst is the same in the forward and the 
reverse direction (since [D],/[M],.? = K, independent of the catalyst concentration). 

We postulate the following mechanism where M = monomer, D dimer, and Solv. one 
molecule of either SnCl, or SnCl,,2H,0 : 


M + SnCl,,2H,O ++ Solv. => {HM*(SnCl,,H,0,OH)-}sur. - - - (I) 
b 

M ++ {HM*(SnCl,,H,O,OH)-}sor. => {HD*(SnCl,,H,0,0H) sor. - - = (2) 
b 

{HD*(SnCl,,H,0,0H)-}soiv. 2 D + SnCl,,2H,O + Solv. . . . (3) 
b 


This mechanism will account for the results if we make the following assumptions: (a) re- 
action 2a is the rate-controlling step in the forward direction; () when [total water]/[total 
stannic chloride < 2, the water is all in the form SnCl,,2H,O and the excess of stannic 
chloride is present as SnCl,; (c) SnCl, and SnCl,,2H,O have equal or nearly equal solvating 


5 Evans and Polanyi, J., 1947, 252; Evans and Meadows, Trans. Faraday Soc., 1950, 46, 327. 

® Plesch, Polanyi, and Skinner, J., 1947, 257. 

? Norrish and Russell, Trans. Faraday Soc., 1952, 48, 91. 

8 Colclough, Chem. Soc. Symp. on Friedel-Crafts Reaction, Leeds, May, 1955; Chem. and Ind., 
1955, 741. 
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powers in respect of the ion pairsinvolved ; and (d) when [total water] /[total stannicchloride} 
>2, either the excess of water retards the reaction, or if a hydrate of stannic chloride higher 
than the dihydrate is formed, it is much less efficient as a catalyst. If these assumptions 
are made, the initial rate of dimerization, as observed experimentally, is given by : 


Initial Rate = fye[{HM*(SnCl,,H,0,0H)-}eov.](M) 


= yg + 73(SnCl, 2H,0}(Solv.}.M? pag ghee 


This expression is consistent with our results, since, when [total water]/[total stannic 
chloride] is equal to or less than 2, then [Solv.] is equal to [SnCl,,2H,O] + [SnCl,]. But 
[SnCl,] is equal to [total stannic chloride] — [SnCl,,2H,O], and therefore [Solv.] is equal 
to [total stannic chloride]. Thus equation (4) becomes: 


Initial Rate = Ry, Z [SnCl,,2H,O) [total stannic chloride}[M}* 


So when [total water] is constant, [SnCl,,2H,O] is constant, and the initial rate will vary 
linearly with [total stannic chloride], giving the observed first-order dependence in stannic 
chloride; further, when [total stannic chloride] is constant, the initial rate will vary 
linearly with [SnCl,,2H,O}, 7.¢., with [total water], giving the observed first-order depend- 
ence on water. Again, when [total water] /[total stannic chloride] is equal to 2, [Solv.) is 
equal to [SnCl,,2H,O], and equation (4) becomes : 


Initial Rate = hye $2°[SnCl,.2H,0}*(M]? 
16 





which agrees with the observed second-order dependence of initial rate on [SnCl,,2H,O} 
when the [total water]/[total stannic chloride] molar ratio is 2. 

Since for systems in which the [total water] /[total stannic chloride] molar ratio is < 2, 
[Solv.}] is equal to [total stannic chloride], the velocity constant, /;, for the dimerization 
reaction has been evaluated from the expression : 


Initial rate = k{SnCl,,2H,O)[total stannic chloride}[M}?, 


where ky = Reakya/Rya = Rok. 

The value of hk; at 39-9° was found to be 1-01 x 10°? mole* 1.3 sec.-4 (see Table 1). 

The assumption that SnCl,,2H,O and Sn(Cl, help in solvating the ion pairs formed in 
the poorly ionizing benzene solution is supported by the fact that solvation of a similar 
type appears to occur also (a) with trichloroacetic acid in the dimerization of 1 : 1-diaryl- 
ethylenes when the acid is used as catalyst (Parts I and II*) and (4) with mercuric chloride 
in the ionization of triarylmethyl halides by mercuric chloride in chlorobenzene and 
benzene.® It is surprising, however, that in order to interpret our results we have to 
assume that the solvating powers of SnCl, and of SnCl,,2H,O are practically the same. 
Further experiments to elucidate this are in progress, with hydrogen chloride instead of 
water as co-catalyst. 

The equilibrium constant, K, will be given by the relation : 


—— Fra, bea ye _ 
K= C’.’s. = K,K,K, 
The values of K, AG°, AH®, and AS® obtained for this dimerization reaction (see Table 2) 
agree very well with those obtained in Part I for the same reaction in benzene-trichloro- 
acetic acid [AG° (34°) = —1-69 kcal. mole“, AH® = —10-1 kcal. mole, AS° (34°) = 
— 27-4 cal. mole“! deg.-"]. Holmes and Tyrrall ?° have studied this equilibrium in carbon 


* Bayles, Evans, and Jones, J., 1957, 1021. 
10 Holmes and Tyrrall, Trans. Faraday Soc., 1956, 52, 47. 
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tetrachloride-stannic chloride—hydrogen chloride by a calorimetric method, and obtain 
the values AH® = —12-1 kcal. mole, K(35°) = 17-1 mole? 1. 

The presence of the ionic intermediates should be detectable spectroscopically if reaction 
(2a) is the rate-determining step, since the diphenylmethyl carbonium ion absorbs light 
in the visible region at 431 my." It is significant in this respect that those systems in 
which dimerization is proceeding are coloured and absorb light in this region, whereas 
anhydrous, rigorously dried systems in which the rate of dimerization is negligible are 
colourless (see Fig. 8). The absorption (at 625 my) is similar to that for 1 : 1-diarylethyl- 
enes in various acid solutions which we attribute to the presence of a x-complex (see 
Part III 4). 


One of us (J. L.) thanks the City of Cardiff Education Authority for a Maintenance Grant. 
UNIVERSITY COLLEGE, CATHAYS PARK, CARDIFF. [Received, January 16th, 1957.]} 


11 Evans, J. Appl. Chem., 1951, 1, 240. 





581. Molecular Rearrangements. Part I. N-Chloroacetanilide. 
By K. N. Ayap, C. BearD, R. F. Garwoop, and W. J. HickinBottom. 


N-Chloroacetanilide rearranges to o-.and p-chloroacetanilide in hot carbon 
tetrachloride in the absence of light, if a small quantity of benzoyl peroxide 
is present. N-Chloro-derivatives of o-, m-, and p-acetamidotoluene and 
of o-acetamidoethylbenzene similarly rearrange. 2-Acetamido-1-chloro- 
naphthalene is formed when 2-acetamidonaphthalene and N-chloroacet- 
anilide are warmed together in carbon tetrachloride containing some benzoyl 
peroxide. Homolytic fission of the N—-Cl bond in these reactions is supported 
by chlorination of the side chain of alkylbenzenes by N-2: 4 : 6-tetrachloro- 
acetanilide if benzoyl peroxide is present : in acetic acid the aromatic nucleus 
is chlorinated. It is concluded that the formation of o- and p-chloroacet- 
anilide from N-chloroacetanilide is due to intermolecular chlorination, 
whether it be catalysed by protons or by free radicals. 


SincE the first observations} on the formation of o- and #-chloroacetanilide from N- 
chloroacetanilide much has been done to determine how chlorine is transferred from 
nitrogen to the nucleus. The reaction promoted by hydrochloric acid is now generally 
recognised to depend on intermediate formation of molecular chlorine. This aspect, 
and the action of other aqueous acids, is reviewed by Hughes and Ingold,” with a biblio- 
graphy. The rearrangement is also brought about by carboxylic acids in aprotic solvents * 
and may then be an intramolecular change. 

In addition to these proton-catalysed rearrangements, isomerisation can be brought 
about by heat *®5 or light. A simple explanation is to assign to it a free-radical 
mechanism, and in this paper this suggestion is examined. 

It is now found that N-chloroacetanilide is smoothly isomerised to o- and #-chloro- 
acetanilide in hot carbon tetrachloride in the dark by a small proportion of benzoyl peroxide 
or azoisobutyronitrile ; o-, m-, and p-N-chloroacetamidotoluene and o-N-chloroacetamido- 
ethylbenzene are similarly rearranged. The Figure shows the amounts of N-chloro- 
compound remaining under the conditions described in the legend. 

1 (a) Bender, Ber., 1886, 19, 2272; (b) Slosson, Ber., 1895, 28, 3265; (c) Chattaway and Orton, /., 
1899, 75, 1046. 

2? Hughes and Ingold, Quart. Rev., 1952, 6, 35. 

3 Bell et al., Proc. Roy. Soc., 1934, A, 148, 377; 1935, A, 151, 211; J., 1936, 1520; 1939, 1774. 

4 (a) Bell, J., 1936, 1154; (b) Dewar, “ Electronic Theory of Organic Chemistry,’’ Oxford Univ. Press, 

99 
7 1 and Wilbur, J. Amer. Chem. Soc., 1927, 49, 2145; (b) Bradfield, J., 1928, 351. 


* (a) Blanksma, Rec. Trav. chim., 1902, 21, 366; (b) Matthewsand Williamson, J. Amer. Chem. Soc., 
1923, 45, 2574; (c) Hodges, J., 1933, 240. 
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These observations provide a sound basis for the view that the rearrangement of 
N-chloroacetarylamides can be initiated by a free-radical mechanism. Other evidence 
of this type of N-Cl bond fission was sought in the behaviour of N-chloroacylarylamides 
which are incapable of rearrangement, e.g., N : 2: 4: 6-tetrachloroacetanilide. 

It is known that N-bromosuccinimide brominates the side chain of alkylbenzenes if 
benzoyl peroxide or azoisobutyric ester is present in small amounts.’ There are also 
observations of side-chain halogenation of alkylbenzenes by N-halogenosuccinimides or 
N-bromophthalimide without specific reference to the use of peroxides, although it is 
probable that in these cases no precautions were taken to free the hydrocarbon from 
hydroperoxides arising from autoxidation.® 

It seemed probable therefore that N : 2 : 4 : 6-tetrachloroacetanilide should chlorinate 
the side chain of alkylbenzenes in presence of benzoyl peroxide if homolytic fission of the 


Decomposition of N-chloro-amides. 
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A, C, F, N-Chloroacetanilide (A) alone, (C) with azoisobutyronitrile, (F) with benzoyl peroxide. 
B,D, E, p-N-Chloroacetamidotoluene, (B) alone, (D) with azoisobutyronitrile, (E) with benzoyl peroxide. 
G, 0-N-Chloroacetamidotoluene with benzoyl peroxide. 


N-Cl bond is possible. This has been realised (see Table). For comparison, the chlorin- 
ations were also carried out in acetic acid: substitution was then entirely in the nucleus 


and had all the characteristics of electrophilic substitution. 


Chlorination of aromatic hydrocarbons by N : 2 : 4: 6-tetrachloroacetanilide. 


Product Product 
in AcOH with Bz,O, in AcOH with Bz,O, 
PRM  cciscosscccccee o- + p-Cl Ph-CH,Cl a-C,,H,Me ......... 4-Cl Ar-CH,Cl 
PRES coccscccveccsceess o- + p-Cl Ph-CHMeCl Phenanthrene ...... 9-Cl -- 
W-RYIENE ....00.0000. 4-Cl Ar-CH,Cl CHF ig cvssescesess . Ph,CHCl 
P-HYlENeS ..cccccceece 2-Cl Ar-CH,Cl CREB Mg cossvesescesccs 4 Ph,CCl 
Mesitylene ......... 2-Cl Ar-CH,Cl Acenaphthene ...... 5-Cl 1-Cl 


* Some nuclear chlorination. 


It can reasonably be inferred that chlorination in acetic acid is due to heterolytic 
fission of the N-Cl bond and that the active agent is Cl*. The effect when chlorination 
occurs in an excess of alkylbenzene containing benzoyl peroxide must be due to some 
other type of N-Cl bond fission; a homolytic reaction seems the most likely of the possible 
alternatives and the one most in accord with other observations. 

? (a) Schmidt and Karrer, Helv. Chim. Acta, 1946, 29, 573, 1144; (b) Newman and Kosek, J. Org. 
Chem., 1949, 14, 375; (c) Wenner, ibid., 1952, 17, 523; (d) Cope and Fenton, J. Amer. Chem. Soc., 1951, 
73, 1668, 1673; (e) Ford and Waters, /J., 1952, 2240. 

8 (a) Pickering and Smith, Rec. Trav. chim., 1950, 69, 535; (b) Putokhin, J. Gen. Chem. U.S.S.R., 
1945, 15, 332; Chem. Abs., 1946, 40, 3741; (c) Djerassi, Chem. Rev., 1948, 48, 288. 
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There is no reason to suppose that heterolytic or homolytic bond fission may not occur 
with N-chloroacetanilide. Indeed, it has been recorded ™ that N-chloroacetanilide 
chlorinates solvents such as cyclohexane on irradiation. In the present work chlorination 
of 2-acetamidonaphthalene by N-chloroacetanilide under the influence of benzoyl peroxide 
has been demonstrated. The formation of molecular chlorine when N-chloroacetanilide 
reacts with aqueous acid containing chloride ion is evidence of heterolytic fission of its 
N-Cl bond.® 

These considerations suggest that N-chloroacetanilide may rearrange by either of two 
courses, the initial phases being formally represented by the following scheme, in which 
it is not necessarily implied that either Cl- or Cl* is kinetically free : 


° H+ 
Cl- + Ph*NAc «<¢—— Ph:-NCIAc —— Ph:NHCIAc —»> Ph-NHAc + Cl*+ 


In the acid-catalysed reaction the protonated N-chloroamide is thus regarded as 
functioning as a source of Cl* (cf. Hickinbottom *). There does not appear to be any 
advantage in the suggestion 1° that the rearrangement in acetic acid involves the inter- 
mediate formation of acetyl hypochlorite, since this would presumably function merely 
as a carrier of Cl*, and a molecule capable of accepting a chlorine cation from acetyl 
hypochlorite should interact directly with the protonated N-chloroamide. On the other 
hand, the conception of proton-catalysed isomerisation as dependent on Cl* provides, as 
far as our present knowledge goes, a satisfying picture of the reaction. It can moreover 
be extended simply and naturally to the rearrangement of N-bromo- and N-iodo-acylaryl- 
amides. 

The rearrangement of N-chloroacetanilide, promoted by benzoyl peroxide in carbon 
tetrachloride, can be represented in general terms as nuclear chlorination by a homolytic 
process. The detailed mechanism cannot yet be defined with certainty, but from the 
observations of Ford, Hunt, and Waters,""* and of Ford,” it is probable that the initial 
phase can be represented : 


R- e 
Ph-NCIAc —— Ph-NAc + RCI (R = Ph or ‘CMe,CN) 


Of the subsequent stages the following seems the most probable : 


. PhNCI-A H 
€ Nin ous ith pan inc —» ci{ Nin 
C1 


+ PhNAc 


o-Chloroacetanilide can be derived by a similar mechanism. 

Rearrangement of #-N-chloroacetamidotoluene catalysed by free radicals yields 
4-acetamido-3 : 5-dichlorotoluene and #-acetamidotoluene in addition to the expected 
4-acetamido-3-chlorotoluene. This indicates that the above scheme is incomplete, and 
requires an assumption that in a system containing an N-chloro-compound and an 
acetarylamide exchange can occur between NH and NCI: 


NHAc NCI-Ac NHAc NCl-Ac NHAc 
Cl Cl Cl Ci 
7 at + — 
Me Me Me Me Me 


An alternative scheme involving initial abstraction of N-hydrogen is as follows : 


Ar-NAc +- Ar’-NHAc ——» Ar-NHAc + Ar“NAc 
Ar’NAc -++- Ar-NCIAc —— Cl(Ar’—H)*NHAc + Ar-NAc 


® Hickinbottom, /J., 1934, 1702. 
10 Tsrael, Tuck, and Soper, J., 1945, 547. 
11 (a) Ford, Hunt, and Waters, J., 1953, 3529; (b) Ford, J., 1955, 2529. 
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That the nuclear chlorination of a foreign amide by an N-chloro-compound does occur is 
shown by the formation of 2-acetamido-l-chloronaphthalene from N-chloroacetanilide 
and 2-acetamidonaphthalene under free-radical conditions. 

Alternative but less probable mechanisms for these reactions involve initial abstraction 
of nuclear hydrogen, ¢.g. : 


Ph-NCI-Ac + Ph: ——t -C,H,-NCIAc + PhH 
Ph-NCl-Ac + *C,Hy-NCIAc —— CIC,H,NCIAc + Ph-NAc 
Ph-NAc + Ph*NCIAc —— Ph-NHAc ++ -C,Hy-NCIAc 


The main objection to this type of mechanism is based on the fact that N-methylacet- 
anilide, which has no N-hydrogen, undergoes homolytic chlorination by N:2:4:6- 
tetrachloroacetanilide in carbon tetrachloride extremely slowly, the reaction not being 
complete even after 34 weeks’ refluxing, whereas under comparable conditions acetanilide 
is chlorinated in less than 40 hours. 


EXPERIMENTAL 


Rearrangement of N-Chloroacetarylamides Promoted by Free Radicais.—(a) N-Chloroacetanilide. 
(i) With benzoyl peroxide. A solution of N-chloroacetanilide (2-0 g.) in carbon tetrachloride 
(170 c.c.) was boiled in the dark after benzoyl peroxide (0-05 g.) had been added. No N-chloro- 
compound was detected after 100 hr. When the solution was concentrated, p-chloroacet- 
anilide crystallised (m. p. and mixed m. p. 179°; 1-6g.). The filtrate was washed with aqueous 
sodium carbonate, dried, and evaporated; the solid residue, on sublimation, gave o-chloro- 
acetanilide, m. p. and mixed m. p. 87—88° (0-3 g.). 

(ii) With a«’-azoisobutyronitrile. Under similar conditions but with azoisobutyronitrile, 
rearrangement occurred to give o- and p-chloroacetanilide, although the change was slower. 

(iii) By irradiation. A solution of N-chloroacetanilide (4-27 g.) in carbon tetrachloride 
(50 c.c.) exposed to light from a mercury-vapour lamp for 3 days gave p-, m. p. 179° (3-3 g.), 
and o-chloroacetanilide, m. p. 87—88° (0-63 g.). 

(iv) Rearrangement in presence of 2-acetamidonaphthalene. 2-Acetamidonaphthalene 
(3 g.), N-chloroacetanilide (2-7 g.), and benzoyl peroxide (0-1 g.) in carbon tetrachloride (500 
c.c.) were heated under reflux for 40 hr. The active chlorine content fell to 1-5% of its original 
value. 2-Acetamido-l-chloronaphthalene, m. p. and mixed m. p. 149—150°, crystallised on 
cooling. The filtrate was evaporated under reduced pressure, and the solid residue taken up 
in ether, washed with aqueous sodium carbonate, dried, and recovered. Extraction with hot 
water left a solid from which p-chloroacetanilide was obtained (m. p. and mixed m. p. 179°) by 
chromatography on alumina with light petroleum (b. p. 60—80°)-benzene. The aqueous 
extracts, on concentration, gave a mixture of acetanilide and 2-acetamidonaphthalene, 
separated by fractional crystallisation, the components being identified by m. p.s and mixed 
m. p.s. 

No accurate estimate could be made of the relative proportions of the products : acetanilide 
and 2-acetamido-1l-chloronaphthalene were present in considerable amount. 

(b) o-N-Chloroacetamidotoluene. This compound,!* m. p. 41-5—42-5°, rearranged in boiling 
carbon tetrachloride in the dark after addition of 1-0 mole % of benzoyl peroxide, to give 
2-acetamido-5-chlorotoluene, m. p. 143—144° (from benzene). This was identical with a 
specimen prepared by warming a solution of the N-chloro-compound in acetic acid at 50°. 

(c) m-N-Chloracetamidotoluene. This chloro-amide was reported by Fontein ™ who did 
not record its m. p.; crystallised well from light petroleum (b. p. 60—80°), it had m. p. 70—72° 
(Found: Cl, 19-3. C,H, ,ONCI requires Cl, 19-39%). Rearrangement under the conditions 
described for the o-isomer gave 3-acetamido-4-chlorotoluene, m. p. 90—91-5° after crystal- 
lisation from light petroleum and then aqueous alcohol, identical with the product obtained by 
warming the N-chloro-compound in acetic acid at 74°. 

(d) p-N-Chloroacetamidotoluene. This was rearranged under the conditions described for 
the o-isomer. The solution was evaporated under reduced pressure and from the solid residue 


12 Chattaway and Orton, J., 1900, 77, 790. 
18 Fontein, Rec. Trav. chim., 1928, 47, 635. 
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4-acetamido-3-chloro- and -3: 5-dichloro-toluene were isolated by wasteful fractional 
crystallisation. 

A more satisfactory method, based on that devised by Orton and Chattaway,'* consisted in 
hydrolysing the product with 50% aqueous sulphuric acid and then steam-distillation after 
partial neutralisation. 2: 6-Dichloro-p-toluidine (NH, = 1) distilled first, and then 2-chloro- 
p-toluidine when the acidity had been further reduced. -Toluidine was collected by steam- 
distillation when the aqueous solution had been made alkaline. 2: 6-Dichloro-p-toluidine 
was identified as its acetyl derivative, m. p. 207—208-5°, not depressed on admixture with a 
specimen prepared as described by Cohen and Dakin ?5 (Found: C, 49-3; H, 3-9; N, 6-4; 
Cl, 32-7. Calc. for CsxH,ONCI,: C, 49-6; H, 4-2; N, 6-4; Cl, 32-6%). 2-Chloro-p-toluidine 
gave an acetyl derivative, m. p. and mixed m. p. 114—115°. -Toluidine gave a hydrate, m. p. 
and mixed m. p. 45°, and an acetyl derivative, m. p. and mixed m. p. 147-5—149°. 

(e) o-N-Chloroacetamidoethylbenzene. The method used for o-N-chloroacetamidotoluene gave 
the ethyl analogue, m. p. 27—28-5° [from light petroleum (b. p. < 40°)] (Found: C, 60-7; 
H, 6-3; N, 7-15; Cl, 17-8; active Cl, 17-9. C,9H,,ONCI requires C, 60-7; H, 6-1; N, 7-1; 
Cl, 17-9%). 

The product of its rearrangement in carbon tetrachloride containing some benzoyl peroxide 
was 2-acetamido-5-chloro-1-ethylbenzene, m. p. 136—136-5° after crystallisation from aqueous 
alcohol and then light petroleum, identical with a sample prepared by warming the N-chloro- 
compound in acetic acid (Found: C, 60-4; H, 6-1; N, 7-0; Cl, 17-9%). 

Orientation of the halogen was established by conversion of the amine into dichloroethyl- 
benzene by the diazo-reaction and then oxidation by permanganate to 2: 5-dichlorobenzoic 
acid, m. p. and mixed m. p. 152—154?°. 

N : 2:4: 6-Tetrachloroacetanilide as a Chlorinating Agent.—The following preparation gave 
more satisfactory yields than that described by Chattaway and Orton: ?* Acetic acid (10 c.c.) 
was added during 5 min. to a stirred mixture of 2 : 4: 6-trichloroacetanilide (10 g.), chloroform 
(30 c.c.), and 2n-sodium hypochlorite (50 c.c.), and stirring continued till all the solid had 
dissolved. The chloroform solution was then separated, and washed with saturated sodium 
hydrogen carbonate solution and then several times with water. Evaporation, under reduced 
pressure, of the dried (Na,SO,) chloroform solution gave a pale yellow solid (10-7 g.) from 
which N : 2: 4: 6-tetrachloroacetanilide was obtained as plates, m. p. 75°, by crystallisation 
from light petroleum (b. p. 80—100°). Estimation of active chlorine gave a purity of 97%. 

(a) Chlorination in acetic acid. (i) A solution of N : 2: 4: 6-tetrachloroacetanilide (40-9 g.) 
in acetic acid was diluted with an excess of toluene and kept in the dark at 60° for 24 hr. and 
then at 90° for a further 24hr. 2:4: 6-Trichloroacetanilide separated, having m. p. and mixed 
p. m. 209—210°; it was collected and a further amount was obtained by diluting the filtrate 
with water and neutralising it with sodium hydrogen carbonate. The excess of toluene and 
its chlorination products were removed with light petroleum and distilled, to give a mixture 
of o- and p-chlorotoluene, b. p. 55—75°/17 mm. (Found: C, 66-6; H, 5-7; Cl, 28-0. Calc. for 
C;H,Cl: C, 66-4; H, 5-6; Cl, 28-0%). This mixture contained no labile chlorine; oxidation 
with alkaline permanganate gave p-chlorobenzoic acid, m. p. and mixed m. p. 239—-240°. The 
more soluble portions of the oxidation product were recrystallised further and then sublimed, 
to give o-chlorobenzoic acid, m. p. 140° after sintering from about 130°. 

(ii) In similar chlorinations of other hydrocarbons (see Table) no attempts were made to 
determine the best conditions or the maximum yields. Analyses for total chlorine were 
supplemented by estimation of labile chlorine by boiling alcoholic silver nitrate, these results 
being given in parentheses. 


Hydrocarbon Conditions Yield (g.) C (%) H (%) Ci (%) 

Ko O° 

m-Xylene, 15-9 g. e.sesseseeeeseeseeees { Ss spnr, } | lO8 68-9 63 24-6 (0) 

p-Xylene, 106g. ..eeeseeseeeeseseees 80°, 2} hr. 4-4 68-4 6-7 24-5 (0-35) 
9o 7c 

Ethylbenzene, 15:9 g. .....s.sceceseees {oars * 68-4 6-6 25-0 (0-6) 

Mesitylene, 9°5 g. ......222...... ee 20°, $ hr. 11-0 — — 23-3 (1-5) 

1-Methylnaphthalene, 21-3 g....... 75°, 18 hr. 14-5 74-2 5-2 20-7 (2-0) 





14 Orton and Chattaway, /., 1900, 77, 792. 
18 Cohen and Dakin, J., 1902, 81, 1337. 
‘6 Chattaway and Orton, J., 1900, 77, 136. 
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After 40 hr. at 62° phenanthrene gave unchanged hydrocarbon and 9-chlorophenanthrene, 
m. p. and mixed m. p. 51—52° (picrate, m. p. and mixed m. p. 113—114°). 

Acenaphthene (4-84 g.) after 100 hr. at 20° gave 5-chloroacenaphthene (4-9 g.), m. p. and 
mixed m. p. 70-5° (picrate m. p. 138°). 

In acetic acid a product was obtained from triphenylmethane containing triphenylmethyl 
chloride (hydrolysed by aqueous alkali to triphenylmethanol, m. p. and mixed m. p. 161—162°) 
and a mixture, b. p. 190—212°/10 mm. (Found: Cl, 9-2%; no labile Cl). 

From diphenylmethane, the main product boiled at 138—168°/11 mm. and consisted 
essentially of monochlorodiphenylmethanes with unchanged diphenylmethane (Found : 
C, 79-4; H, 5-8; Cl, 14-6. Calc. for C,,H,,Cl: C, 77-0; H, 5-5; Cl, 17-5.) 

(b) Homolytic chlorination. (i) N : 2:4: 6-Tetrachloroacetanilide (40-9 g.) and toluene 
(50 c.c.) were refluxed together for 5 hr. after addition of benzoyl peroxide (0-2 g.). The 
precipitate of 2: 4: 6-trichloroacetanilide was collected and the filtrate washed with aqueous 
sodium sulphite, dried, and distilled. Approximately pure benzyl chloride was collected at 
80—83°/22 mm. (Found: C, 67-0; H, 5-9; Cl, 25-9; labile Cl, 24-4. Cale. for C,H,Cl: 
C, 66-4; H, 5-6; Cl, 28-0%) and converted by the Sommelet reaction into benzaldehyde (semi- 
carbazone, m. p. and mixed m. p. 213—214-5°). 

(ii) Homolytic chlorination of other alkylbenzenes was carried out by N : 2: 4: 6-tetra- 
chloroacetanilide in boiling carbon tetrachloride containing 1-0 mol. % of benzoyl peroxide. 
The yields (see Table) represent approximately pure product isolated; the percentage of labile 
chlorine is given in parentheses. The identity of each product, except that from ethylbenzene, 
was established by conversion into the corresponding aldehyde by the Sommelet reaction and 
comparison of crystalline derivatives with authentic specimens. The product from ethyl- 
benzene was converted into acetophenone by boiling aqueous copper nitrate. 


Hydrocarbon Time of reaction Yield (g.) C (%) H (%) Cl (%) 
m-Xylene, 15-9 J. ....seveeeceeeeeeeees 5} days 10-5 68-1 6-3 24-9 (24-9) 
D-BYIANS, BE Gf. ..ccccccccccccccccccsces mA 4 —- -- 24-4 (24-5) 
Ethylbenzene, 15-9 g. ........0scecceees ~ 15-3 67-8 6-6 26-1 (22-5) 
eg | ee eee 30 hr. 17 — — 22-4 (17-9) 
1-Methylnaphthalene, 21-3 g. ...... 5 days 17-4 77-9 5-4 16-6 (16-6) 


Diphenylmethane gave diphenylmethyl chloride (good yield), b. p. 160—165°/13 mm. 
[Found : C, 76-7; H, 5-3; Cl, 17-5 (17-5). Calc. for C;,H,,Cl: C, 77-0; H, 5-5; Cl, 17-5%], 
characterised by the formation of bisdiphenylmethyl ether and of benzophenone. 

Triphenylmethane (24-4 g.) gave triphenylmethyl chloride (25-7 g.), m. p. 110—111-5°. 

Chlorination of acenaphthene in boiling carbon tetrachloride was complete after 70 hr. 
for 0-1 mol. quantities in 250 c.c. of solvent and 1-0 mole per cent of benzoyl peroxide. The 
bulk of trichloroacetanilide was removed by filtration and the remainder by passing a solution, 
in benzene-light petroleum, of the evaporated filtrate through silica. The less strongly adsorbed 
material was essentially 1-chloroacenaphthene, m. p. 5—15°, giving a strong test for labile 
chlorine and with boiling alcoholic potassium hydroxide giving acenaphthylene, m. p. and 
mixed m. p. 90° (picrate, m. p. 201—203°) (lit., m. p. 92—93°; picrate, m. p. 201—203°). 

N : 2: 4: 6-Tetrachloroacetanilide, boiled for 10 days with an excess of cyclohexane and 
benzoyl peroxide, gave cyclohexyl chloride, b. p. 140—142°, in 40% yield, identified by con- 
version into cyclohexanecarboxyanilide, m. p. and mixed m. p. 144—145° by reaction of the 
Grignard reagent with phenyl isocyanate. 

Neither fluorene nor phenanthrene was chlorinated under homolytic conditions. 


The authors are indebted to the Research Group of the Institute of Petroleum for grants. 


UNIVERSITY OF LONDON, QUEEN MARY COLLEGE, 
Mite Enp Roap, E.1. [Receitved, January 30th, 1957.) 
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582. Reactions Related to the Pinacol—-Pinacone Rearrangement. 
I. The Acid-catalysed Rearrangement of 2-Methylpropane-| 
and iis Ethers. 


By J. B. Ley and C. A. VERNON. 


Rearrangement of 2-methylpropane-1 : 2-diol has been shown to give 
isobutyraldehyde and to depend on the acidity function of the medium. 
The reaction thus proceeds through a carbonium ion. The analogous 
rearrangement of 1 : 2-dimethoxy-2-methylpropane in anhydrous methanol 
has also been studied, and has been shown to involve an internal hydrogen 
migration. 


is based has been reviewed by Ingold. 


(I) (IT) (IIT) 


been published.” 


with our own results in the discussion section. 


RESULTS 


half-wave potential. No ethyl methyl ketone was detected. 


oxime * 4 5 or the 2 : 4-dinitrophenylhydrazone ® gave poor results. 


infinity values agreed, within the experimental error, with the calculated values. 
results obtained at 72-9° are in the annexed Table. 


1953, p. 474. 

Ley and Vernon, Chem. and Ind., 1956, 146. 
Bryant and Smith, J. Amer. Chem. Soc., 1935, 57, 57. 
Mitchell and Smith, Analyt. Chem., 1950, 22, 750. 
Buchanan, Austral. J. Appl. Sci., 1951, 2, 276. 
Jackson, Ind. Eng. Chem. Analyt., 1941, 18, 449. 
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Tue mechanism of the acid-catalysed rearrangement of pinacol and related compounds is 
thought to involve the reversible formation of the conjugate acid of the substrate followed 
' by the annexed steps, step (2) being rate-determining. The evidence on which this view 


(2) 
*H,O°CRIR**CR®R*-OH —— *CR1R2-CR®R4-OH —— CR!R?R*-C+R*-OH —— Product 


In the present paper the rearrangements of 2-methylpropane-1 : 2-diol and its ethers 
to tsobutyraldehyde and its derivatives have been studied in relation to the above mechanism 
by kinetic and isotopic techniques which have been but little used in rearrangements of 
this type. In a subsequent paper the fate of the intermediate carbonium ion (II) will be 
considered in greater detail. A preliminary account of some of our work in this field has 


It has been found convenient to discuss the relevant results of other workers together 


Kinetic Results —2-Methylpropane-1 : 2-diol, 1 : 2-dimethoxy-2-methylpropane, and 1-meth- 
oxy-2-methylpropan-2-ol rearranged in aqueous acid to isobutyraldehyde which was charac- 
terised by direct isolation, as its 2: 4-dinitrophenylhydrazone, and by its polarographic 


The kinetics of the rearrangement were followed, for the glycol, by the rate of its disap- 
pearance as determined by periodate titration, and by the rate of appearance of 
isobutyraldehyde determined polarographically. For the two ethers only the second method 
was used, the first being inapplicable. The polarographic method of analysis of isobutyral- 
dehyde was developed specially for this work since methods depending on the formation of the 


The reactions were studied at different acidities, with different acid catalysts, and in every 
case the first-order rate coefficients were sensibly constant throughout a run, and the observed 


The results from the two analytical methods for the rearrangement of the glycol show no 
significant differences. For the rearrangements of both the glycol and the dimethyl ether, the 
first-order rate coefficients rise much more rapidly than stoicheiometric acidity, and, with the 
glycol, where different acids have been used, are not independent of the nature of the acid at 


1 C. K. Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,”’ G. Bell and Sons Ltd., London, 
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some fixed value of stoicheiometric acidity. The logarithms of the first-order rate coefficients 
when plotted against values of Hammett’s acidity function Hy, however, give straight lines of slope 
—1-16 and —1-33 respectively (see Figure), the points for all three acids used in the rearrange- 
ment of the glycol lying on or near the same straight line. 

The effect of change of solvent from water to deuterium oxide on the rate of rearrangement 
of the glycol was investigated. The rate coefficients obtained with 0-93m-sulphuric acid at 
72-9° were 1-33 and 3-04 x 10° min.“ in water and 95% deuterium oxide respectively. Hence 
the reaction, under these conditions, is faster in 95° deuterium oxide by a factor of 2-28. 
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Isotope Results —Rearrangement of 1 : 2-dimethoxy-2-methylpropane was carried out with 
2m-perchloric acid at 72-9° in water containing an enriched abundance of the isotope 1*O. At 
the end of the reaction methanol was isolated and found to contain a normal abundance of 
180, Consequently, the oxygen—methyl bonds must remain intact throughout the reaction. 


Concn. of Method of Concn. of Method of 

Acid acid (mM) analysis 10°%, (min.~*) Acid acid (Mm) analysis 10°, (min.~}) 

2-Methylpropane-1 : 2-diol 1 : 2-Dimethoxy-2-methylpropane 
HCI, ... 0-481 G 0-60 HClO, ... 1-08 A 0-79 
HCO, ... 1-08 A 2-18 HClO, ... 2-16 A 4:36 
HCO, ... 1-23 G 2-74 HCI1Q,... 3-24 A 19-7 
HICAO, «.. 1-35 A 3-48 HCO, ... 4-32 A 104 
HCI, ... 1-61 A 5-24 
HClO, ... 2°16 A 9-86 1-Methoxy-2-methylpropan-2-ol. 
HClO, ... 2-47 G 14-9 HClQ, ... 1-08 A 1-36 
HClO, ... 3-24 G 40-7 
HClO, ... 3-24 A 42-9 
HClO, ... 4-32 A 123 
H,SO, ... 0-93 G 1-33 
ore 2-22 G 7-55 
oe 4:44 G 42-3 


The rearrangement of 1 : 2-dimethoxy-2-methylpropane was also carried out at 72-9° in 
anhydrous methanol containing 46% of DOMe in the presence of ca. M-methanesulphonic acid. 
At the end of the reaction 1 : 1-dimethoxy-2-methylpropane was isolated and its deuterium 
content found mass-spectrographically to 2-34—2-14 atoms % of D. A control experiment in 
which an initially isotopically normal sample of the acetal was subjected to the same experi- 
mental conditions for the same time was also carried out: this gave 1-20—1-18 atoms % of D, 
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probably due to presence of traces of water which would be involved in the equilibrium 
Me,CH-CH(OMe), + H,O == Me,CH:CHO + 2MeOH. isoButyraldehyde so formed could 
exchange its ®-hydrogen atom for a deuterium atom present in the solvent by keto—enol 
tautomerism. Although all the reagents were thoroughly dried and precautions were taken to 
exclude moisture, the experiments cannot be carried out under completely anhydrous conditions 
since esterification of the solvent by methanesulphonic acid necessarily produces some water. 
After subtraction of the control value, the enrichment due to the rearrangement is 1-05 
compared with 3-26 atoms % of deuterium for full equilibrium. Hence, on the basis of these 
figures, ca. 67% of the hydrogen shift is internal. 


DISCUSSION 


Rearrangement of 2-methylpropane-l : 2-diol could lead, by migration of a hydrogen 
atom, to isobutyraldehyde, or, by migration of a methyl group, to ethyl methyl ketone. 
The formation of tsobutyraldehyde, which has been previously observed in the presence of 
acids, involves separation of the hydroxyl group from the tertiary rather than the primary 
centre and this reaction would be expected, on the basis of previous studies of rearrange- 
ments of the pinacol—pinacolone type, to predominate. The present results show that 94% 
of the reaction can be accounted for as giving isobutyraldehyde; the remaining 6% is 
probably due to the known reaction between the glycol and the aldehyde.* Rearrange- 
ment of the dimethyl ether, which gives isobutyraldehyde quantitatively, is exactly 
analogous (similar rearrangements of glycol ethers have been previously reported) ; ® 
in methanol, tsobutyraldehyde dimethyl acetal is formed, MeO-CMe,*CH,-OMe —»> 
CHMe,*CH(OMe),, and this reaction, although not explicitly studied, has been observed 
by Teuscher.?° ; 

The rate of rearrangement of the glycol in water is increased (ca. 2-3 times) by change 
of solvent to 95% deuterium oxide, and this shows that the conjugate acid of the glycol, 
through which reaction proceeds, is present in equilibrium amounts,!1, HO-CMe,°CH,°OH +- 
H,0* —» *H,0-CMe,°CH,°OH. It has also been found that the rate is dependent on 
acidity function rather than on stoicheiometric acidity, and, on the basis of the well- 
established Zucker-Hammett hypothesis,’ the rate-determining step does not, there- 
fore, involve a water molecule, and may be represented as *H,O-CMe,°CH,-OH —> 
*CMe,*CH,°OH. This result, which is consistent with the modern formulation ! of this 
type of rearrangement, is no doubt a general one; other examples are the previously 
reported dependence of rate on acidity function for the rearrangement of benzopinacol in 
slightly aqueous acetic acid } and for the rearrangement of pinacol in water.1*15 Similarly 
the reaction of the dimethyl ether is dependent on acidity function ; the rate-determining 
step is therefore analogously, *HO(Me)-CMe,°CH,-OMe —» *CMe,°CH,-OMe. We had 
hoped to show by the use of the Zucker-Hammett criterion that the analogous reaction in 
methanol, giving 1: 1-dimethoxy-2-methylpropane, is also unimolecular. However, 
indicator measurements !* have shown that the criterion is inapplicable in methanol since 
H, values calculated by use of three amine indicators increase with acidity at much the 
same rate as the stoicheiometric acidity. However, there is no reason to doubt that the 
rearrangements of the diether in water and in methanol are mechanistically similar, 
although no formal demonstration of this has been given. 


7 Groll and Heame, U.S.P. 2,042,224/1936. 

8 Dolgorokova-Dobryanska, J. Russ. Phys. Chem. Soc., 1925, 57, 283. 

® Linder, Monatsh., 1911, 32, 409. 

10 Teuscher, J. Amer. Chem. Soc., 1950, 72, 4316. 

11 Bonhoeffer, Trans. Faraday Soc., 1938, 34, 252. 

12 Zucker and Hammett, J. Amer. Chem. Soc., 1939, 61, 2791. 

13 Gebhart and Adams, J. Amer. Chem. Soc., 1954, 76, 3925. 

14 Bunton, Hadwick, Llewellyn, and Pocker, Chem. and Ind., 1956, 547. 
15 Bunton, Ley, Rhind-Tutt, and Vernon, J., 1957, 2327. 

16 Duncan and Lynn, J., 1956, 3512. 
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The relative rates of rearrangement of the glycol, the dimethyl ether, and the 1-mono- 
methyl ether in water at 72-9° at a fixed concentration of perchloric acid (1-08m) can be 
seen from the Table to be 1, 0-36, and 0-62 respectively. Although it is difficult to 
interpret rate differences in acid-catalysed reactions, the similarity in rate for all three 
compounds is consistent with the common mechanism proposed. 

The fate of the carbonium ion *CMe,°CH,°OH is of great interest. The following 
possibilities exist : (a) recombination with a solvent molecule regenerating the original 
substrate; (5) loss of proton to give 2-methylallyl alcohol; (c) formation of the oxide; 
and (d) loss or migration of proton, giving ultimately tsobutyraldehyde. A similar set of 
possibilities exist for the carbonium ion *CMe,*CH,*OMe. Recombination with a solvent 
molecule has been shown," by use of 180 tracer methods, to occur in the rearrangement of 
pinacol, and in a subsequent paper indirect evidence will be produced supporting the view 
that recombination with a solvent molecule occurs, with the ion *CMe,°CH,°OH, about 
three times more frequently than reaction leading to the formation of ;sobutyraldehyde. 
Formation of 2-methylallyl alcohol could not be detected in this system since the rate of 
formation of the glycol from this substance is, under the experimental conditions, much 
too rapid. However it will be shown in a subsequent paper that this process is probably 
unimportant. For similar reasons the formation of the oxide could not be detected. In 
some pinacol-type rearrangements, notably that of benzopinacol,* the oxide is relatively 
stable and may be detected as a product. In the present case, although its formation is 
formally possible in the reaction of the glycol, it cannot be formed in the rearrangement 
of the diether since this would require, contrary to what was found, that methanol isolated 
from a reaction carried out in water enriched with the isotope 180 should be partially 
enriched : 

*CMe,-CH;,;OMe —> Me,C—CH, — > Me,C—CH, + Me'®OH 
\/ <7 
Or 
Me 


The formation of tsobutyraldehyde can take place either by external hydrogen shift : 


—Ht +Ht —Ht 
CMe,*CH,-OH ——» CMe,:CH-OH ——» CHMe,"!CH:OH ——» CHMe,-CHO 
or by an internal hydrogen shift through an intermediate ion of structure (IV) : 


H 
(IV) oe 


. oS + 
Me,C ——CH-OH — > Me,CH-CH-OH 


The second route is the one followed in all pinacol-type rearrangements where the migrating 
group is not hydrogen, but when the migrating group is hydrogen the first route becomes 
a possibility especially since ions similar in structure to *CMe,*CH,°OH are known to 
undergo elimination.!” In principle, the matter might be settled by running the reaction 
in deuterium oxide and determining whether the product contains a hydrogen or a 
deuterium atom attached to the 8-carbon atom. In practice this criterion is inapplicable 
in aqueous solutions since the relatively rapid enolisation of the product causes exchange 
of the @-hydrogen atom irrespective of the mechanism of rearrangement. For the 
rearrangement of the diether in anhydrous methanol, however, the test is applicable 
since the product, 1 : 1-dimethoxy-2-methylpropane, will not exchange its 6-hydrogen 
atom with the solvent providing all traces of water are excluded. It was found, by control 
experiments, that some exchange does in fact occur, no doubt because water, which is 
slowly formed by esterification of the solvent, cannot be completely excluded from the 
system. By allowing for the enrichment in the control experiments, the rearrangement 
was found to give a product whose deuterium enrichment, calculated on the basis of one 


17 de la Mare and Salama, J., 1956, 3337. 
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hydrogen being involved in the exchange, was ca. 33% of that theoretically possible. This 
result means that at least 67% of the reaction proceeds by the route : 


n 


Me,C——CH-OMe —> Me,CH*CH-OMe —> Me,CH-CH(OMe) 
S+ 8+ . 

The significance of the 33% enrichment actually observed is doubtful. The errors 
inherent in the experiment, 7.¢., adventitious exchange produced by small quantities of 
water and failure to remove all traces of methanol from the product, are such as to produce 
enrichment figures which are spuriously high. On the other hand, it is possible that the 
two processes, proton loss and proton migration, are so energetically similar that both may 
occur under suitable conditions. What the experiment does show is that a substantial 
proportion of the reaction in methanol occurs by internal proton migration. 


EXPERIMENTAL 


Materials.—2-Methylpropane-1 : 2-diol was prepared by the following modification of the 
procedure described by Miles and Sussman.'® Anhydrous sodium sulphate was added in small 
portions to a mixture of #ert.-butyl alcohol (1200 c.c.) and 100-volume hydrogen peroxide 
(300 c.c.). Separation into two layers was complete in about 6 hr. The alcohol layer, which 
now contained ca. 6% of tert.-butyl hydroperoxide, was dried (Na,SQ,), cooled to —8°, and 
saturated with isobutene. Osmium tetroxide (0-1 g.) was added, and after gentle shaking for a 
few minutes, the solution, which was deep red, was kept at 0° overnight. By then it was colour- 
less and reaction was complete. Preliminary distillation gave the product (52 g.), b. p. 170— 
180°. Fractionation gave the pure material, b. p. 74°/10 mm., nf} 1-4309. 

1-Methoxy-2-methylpropan-2-ol was made by dropwise addition of dimethyl sulphate 
(90 g.) to a cooled, stirred mixture of 2-methylpropane-1 : 2-diol (20 g.) and sodium hydroxide 
solution (40 g. in 200 c.c. of solution). The mixture was refluxed for 2 hr., then saturated with 
potassium chloride and extracted with ether. Fractionation yielded 1-methoxy-2-methyl- 
propan-2-ol (10 g.), b. p. 115—116°/760 mm., nu 1-4022 (cf. Sparks and Nelson,’® b. p. 115— 
115-6°/734 mm., n? 1-4047. 

1 : 2-Dimethoxy-2-methylpropane was prepared by adding, dropwise, methyl iodide 
(1300 g.) to a cooled mixture of 2-methylpropane-1 : 2-diol (130 g.) and silver oxide (1 kg.). 
The mixture was refluxed for 2 hr., more methyl iodide (300 g.) was then added, and refluxing 
continued for a further 6 hr. The mixture was filtered and the filtrate, after combination with 
pentane washings of the silver residues, was poured into saturated salt solution. The pentane 
layer was separated, dried (CaCl,), and distilled, giving a liquid with a camphor-like odour, b. p. 
109—112°/760 mm. Refractionation from clean sodium gave the pure diether, b. p. 110-5— 
111-0°/759 mm., n# 1-3935 (Found: C, 60-5; H, 11-9. Calc. forC,H,,0,: C, 61-0; H, 11-9%). 

1 : 1-Dimethoxy-2-methylpropane was prepared by refluxing isobutyraldehyde (250 g.) and 
toluene-p-sulphonic acid (20 g.) in dry methanol (280 c.c.) for 7 hr. The mixture was washed 
with sodium carbonate solution until no longer acid, then with a warm dilute solution of 
hydrogen peroxide, and with sodium carbonate solution again, and dried (Na,SO,, followed by 
K,CO;). Fractionation gave the product (250 g.), b. p. 101-5—102°/760 mm., n? 1-3850 
(Found : C, 60-5; H, 11-2. Calc. forC,H,,0,: C, 61-0; H, 11-9%). 

Anhydrous methanesulphonic acid was prepared from a commercial sample by distillation 
at ca. 1 mm., head and tail fractions being rejected. 

Solvents—Anhydrous methanol was prepared as described by Vogel.2® Deuteromethanol 
(MeOD) was obtained by fractionating a mixture of methanol (80 g., 2-5 moles) and 99-8% 
deuterium oxide (50 g., 2-5 moles). The fraction boiling between 64° and 65° was dried as for 
ordinary methanol. It contained 11-9 atoms % of D, i.e., 47-6% of MeOD. 

Analytical Methods.—Rearrangement of the glycol was conveniently followed by periodate 
titration (cf. Buist and Bunton"). Rearrangements of the ethers, however, could not be so 


18 Miles and Sussman, J]. Amer. Chem. Soc., 1936, 58, 1302. 

19 Sparks and Nelson, tbid., p. 671. 

20 “* Practical Organic Chemistry,’’ Longmans, Green and Co. Ltd., London, 1951, p. 168. 
21 Buist and Bunton, J., 1954, 1407. 
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followed, and a method of estimation of isobutyraldehyde (the common product) was sought 
which would be suitable in all cases. 

Estimation *»*5 by treatment with hydroxylamine hydrochloride followed by titration of 
the liberated acid with standard alkali was found to be accurate to within ca. 5% for initially 
neutral solutions of isobutyraldehyde of concentration greater than 107m. It was unsuitable 
for smaller concentrations and for the estimation of tsobutyraldehyde formed by rearrangement 
of 2-methylpropane-1 : 2-diol or its ethers, since in these reactions the solutions contained 
considerable concentrations of acid, and the small additional amount formed in the estimation 
could not be accurately determined. 

Gravimetric procedures based on the formation of the 2: 4-dinitrophenylhydrazone have 
been described, but there is apparently no record of their use with isobutyraldehyde. Various 
conditions of precipitation and of washing and drying the precipitate were tried, but results 
were inconsistent, and the method was abandoned. 

Polarography has been found entirely suitable as a method for estimation of isobutyraldehyde 
over wide ranges of concentration and acidity. Estimation of some other aldehydes by this 
method has been previously described.24_ A Cambridge photographic recording instrument 
was used. The capillary was made from drawn-out standard thermometer tubing, and with a 
mercury reservoir of height 54-3 cm. gave a drop time of 3 sec. The procedure was as follows : 
5 c.c. of lithium hydroxide solution (1-186mM) were pipetted into the polarographic cell and 
enough mercury added to provide an anode of surface area ca. 3cm.*. The cell was immersed 
in ice-water and swept out with pure nitrogen. The sample to be analysed was adjusted, by 
dilution with water or by addition of stronger acid, so that it contained 1-08m-perchloric acid ; 
5 c.c. of the resultant solution were then added to the cell, and after a few minutes readings 
were started. Eight consecutive recordings over the range 1-2—2-2v were made for each 
sample. The recordings were developed and the height of each polarogram measured in the 
usual way. The height divided by the sensitivity used was found to be accurately proportional 
to the aldehyde concentration over the range 0-5—8-0 x 10°m. A calibration curve was 
constructed by using standard samples, and reference was made to it in all subsequent determin- 
ations. Any given determination was accurate to within +2%. Good resolution between the 
wayes for isobutyraldehyde and the lithium ion were obtained with the supporting electrolyte 
used (0-54m-LiClO,, 0-05M-LiOH). Higher concentrations of supporting electrolyte rendered the 
method less sensitive by reducing the diffusion current, and with sodium or potassium ions the 
resolution was poorer. At 0°, under the conditions given, the half-wave potential for 
isobutyraldehyde against a saturated calomel electrode was —1-91 v. 

Products ——The three compounds studied all gave isobutyraldehyde when heated with 
aqueous acid at 72-9°. From the reaction products of each, the 2 : 4-dinitrophenylhydrazone of 
isobutyraldehyde was isolated, m. p. and mixed m. p. 184°. 

Polarographic analysis indicated that isobutyraldehyde was produced quantitively from 
1 : 2-dimethoxy-2-methylpropane and, in kinetic runs, the calculated infinity values agreed, 
within the experimental error, with those observed. To eliminate the possibility that the 
polarograph did not distinguish between isobutyraldehyde and ethyl methyl ketone (a possible 
reaction product) it was shown that the latter substance produces no polarographic wave under 
the conditions used in the analysis and does not affect the estimation of isobutyraldehyde. 

With the glycol, rather less than the theoretical amount of zsobutyraldehyde was produced 
at complete reaction, namely, 94% at 72-9° in 3n-perchloric acid. This discrepancy appeared 
to be due to a reaction between the aldehyde formed and residual glycol and was not further 
investigated. 

Kinetic Methods.—Kinetic experiments depending on the estimation of isobutyraldehyde 
were carried out as follows: 5-5 c.c. portions of reaction mixture, containing ca. 2 x 10™°m- 
substrate in aqueous perchloric acid of known concentration, were sealed in ampoules and 
placed in a thermostat at 72-9°. Ampoules were withdrawn at appropriate intervals and 
immersed in alcohol—carbon dioxide. Samples (5 c.c.) were pipetted from the ampoules and 
adjusted to a perchloric acid concentration of 1-08M: 5 c.c. of the resultant solution were then 
pipetted into the polarographic cell for estimation of isobutyraldehyde, as already described. 

First-order rate coefficients were calculated in the usual way, infinity values being calculated 
from the initial concentrations of substrate. These coefficients were sensibly constant through 
a run. 

The following results obtained with 1: 2-dimethoxy-2-methylpropane (1-66 x 10m) in 





XU 





nt 


of 
ly 
le 
it 


n 


ow YY ww © 


—_— _ 








[1957] Pinacol—Pinacone Rearrangement. Part I. 2993 


aqueous perchloric acid (2-16M) at 72-9° are typical (¥, in arbitrary units, represents polarogram 
heights divided by the sensitivity used; the expected infinity value is 58-43 units) : 


Time 103k, Time 10°k, Time 108% 
(min.) x (min.“*) (min.) x (min.-*) (min.) * (min.~) 
0 0 — 150 29-0 4-29 285 42-6 4-58 
30 6-83 4-14 188 32-3 4-27 375 48-0 4-59 
60 12-74 4-10 210 34-2 4-20 420 50-0 4-61 
90 19-3 4-45 240 36-0 3-99 co) 58-5 — 
120 24-45 4-51 


In kinetic experiments depending on the analysis of 2-methylpropane-1 : 2-diol, portions 
(5 c.c.) of reaction mixture were neutralised with saturated sodium hydrogen carbonate solution, 
standard periodate solution (ca. 2 x 10°°N; 25c.c.) was added, and the whole set aside for 1 hr. 
Potassium iodide (ca. 1 g.) was then added and the liberated iodine titrated with standard 
sodium arsenite (ca. 4 x 10%n). The following results for 2-methylpropane-l : 2-diol 
(1-446 x 10m) in perchloric acid (1-23m) at 72-9° are typical (titres refer to c.c. of sodium 
arsenite solution, 2:78 x 107*N) : 


Time 108% Time 10°, Time 10°k, 
(min.) Titre (min.~}) (min.) Titre (min.~?) (min.) Titre (min.“) 
0 19-02 _- 120 25-86 2-62 240 31-11 2-69 
30 21-10 2-85 150 27-55 2-73 270 32-40 2-71 
60 22-90 2-84 180 29-00 2-79 300 32-49 2-60 
100 25-10 2-74 210 30-36 2-79 ro) 44-34 — 


Isotope Experiments.—The following details are typical: (a) 1: 2-Dimethoxy-2-methyl- 
propane (1-2 g.) was dissolved in water (40 c.c.) containing 1-0 atom % enrichment in the 
isotope 18O, and 10m-perchloric acid (10 c.c.) was added. The solution was sealed up in a 
tube and heated to 72-9° for 24 hr. The tube was then opened, and the solution saturated 
with solid 2: 4-dinitrophenylhydrazine, set aside for 24 hr., and centrifuged. The supernatant 
liquid was again treated with 2: 4-dinitrophenylhydrazine, and after removal of any further 
precipitate by centrifugation, was fractionated in a semimicro-column with metallic spiral 
packing. The first c.c. of distillate was collected and refractionated from isotopically normal 
water. Methanol, b. p. 65°, was obtained as the first few drops of distillate. It was “ cracked ”’ 
and its 48O content determined mass-spectrometrically. For two samples the excess 
abundance of 18O was 0-018% and 0-003%. 

(6) 1: 2-Dimethoxy-2-methylpropane (2 g.), anhydrous methanesulphonic acid (1 c.c.) and 
anhydrous deuterated methanol (10 c.c.; 48% of MeOD) were sealed in a tube, heated to 72-9° 
for 24 hr., then poured into an equal volume of methanol containing enough sodium methoxide 
to make the final mixture alkaline. Saturated sodium chloride solution (2 c.c.) was added 
and the mixture extracted five times with pentane. The combined pentane extracts were 
washed with saturated sodium chloride solution and dried (CaCl,; CaSO,). After removal of 
the pentane the residue was fractionated in a spiral-packed micro-column. 1: 1-Dimethoxy-2- 
methylpropane (1-0 g.), b. p., 101—102°, n7? 1-3865, was identified by its physical constants 
and by its immediate hydrolysis to isobutyraldehyde in acid solution. It was oxidised to water 
and this was reduced to hydrogen by zinc dust. The hydrogen was analysed for its deuterium 
content mass-spectrometrically. 


The authors thank Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., for their help 
and encouragement. Useful discussion with Professor F. A. Long and with Drs. C. A. Bunton 
and P. B. D. de la Mare is also gratefully acknowledged. It is also desired to thank Dr. D. R. 
Llewellyn for supplying a sample of water containing an enriched abundance of the isotope 380, 
and Dr. C. A. Bunton for carrying out the mass-spectrometric analyses. 
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#2 Boyde and Bambach, Ind. Eng. Chem. Analyt., 1941, 18, 149. 
*3 Bunton, Lewis, Llewellyn, and Vernon, J., 1955, 4419. 
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583. The Effect of Streptomycin on the Enzymic Synthesis and 
Degradation of Carbohydrates. 


By S. A. BARKER, E. J. Bourne, M. STAcey, and R. B. Warp. 


Streptomycin has been found to decrease the production of fructose from 
glucose 1-phosphate by E£. coli and from sucrose by a cell-free extract of 
A. niger. The actions of a transglucosylase and a transgalactosylase of 
A. niger were also retarded. Other effects of streptomycin are also reported. 


In a preliminary communication ! we summarised the effect of streptomycin on several 
enzymes concerned with the synthesis and degradation of carbohydrates. We now 
report more fully the quantitative investigations of these and other enzyme systems. 

In a study of resting cells of Escherichia coli (Gratia strain), Umbreit * showed that the 
terminal respiration process apparently involved a pyruvate—oxaloacetate condensation 
and he believed that it was close to this reaction that streptomycin exerted its activity. 
Later * he showed that formation of 4-carboxy-4-hydroxy-2-phosphoadipic acid, a product 
from the oxaloacetate-pyruvate condensation, is markedly inhibited by streptomycin. 
Using an enzyme extract from E. colt (Monod strain) we have shown (Table 1) that strepto- 
mycin also affects the metabolic process involving the ultimate production of fructose 
from glucose l-phosphate (and maltose). This conversion is believed ‘ to involve phospho- 
glucomutase, phosphohexoisomerase, etc. Streptomycin did not appear to have an 
appreciable effect on E. cols amylomaltase, the enzyme producing the homologous «-1 : 4- 
linked glucosaccharides and glucose from maltose. 

Michalska * reported that streptomycin (up to 5000 yg./c.c.) had no effect on the 
amount of citric acid produced by four strains of Aspergillus niger grown on a synthetic 
medium containing sucrose, and did not affect their growth. Although the yield of 
mycelium in the presence and absence of streptomycin was not profoundly affected 
(Table 4), we found that the nigeran content of A. niger “152” mycelia was greatly 
increased when grown in the presence of streptomycin. Subculturing in the presence of 
streptomycin (15%) initially increased the ability of A. niger “‘ 152’ to produce nigeran 
(after 7 subcultures) but 5 months later, after a further 4 subcultures in the presence of 


TABLE l. Effect of streptomycin on fructose production by an E. coli enzyme extract. 


Monosaccharides in digest (5 c.c.) 
i» 





Streptomycin Total reducing Fructose Fructose (as % of total 

Substrate (%) monosaccharides (mg.) (mg.) monosaccharide) 
Maltose 15 144 12 8 
15 149 9-5 7 
1 215 42 20 
0-1 217 41 19 
Nil 196 43 22 
“ Nil 206 48 23 
G-1-P 15 142 40 28 
- 1 121 49 40 
Nil 113 53 47 


streptomycin, little or no nigeran could be detected when the mould was grown on sucrose 
in the absence of streptomycin. Under these conditions of very low nigeran production, 
a starch-like polysaccharide could be extracted from the mycelium. The starch character 
was shown by acid hydrolysis to glucose, its characteristic iodine absorption curve, and its 
? Barker, Bourne, Stacey, and Ward, Nature, 1955, 175, 203. 
* Umbreit, J. Biol. Chem., 1949, 177, 703. 
3 Idem, J. Bact., 1953, 66, 74. 
4 


Doudoroff, Hassid, Putman, Potter, and Lederberg, J. Biol. Chem., 1949, 179, 921. 
5 Michalska, Med. Déswiadczalna i Mikrobiol., 1953, 5, 113. 
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susceptibility to attack by «- and $-amylase. A similar polysaccharide was detected 
when A. niger “ 152’ was grown on a zinc-deficient medium (Barker and Carrington ). 
Several of the enzymes isolated from A. niger “152” were affected by streptomycin. 
The transfructosylase normally acts on sucrose to give trisaccharides [mainly O-a-p- 
glucopyranosyl-(1 — 2)-0-8-p-fructofuranosyl-(1 —» 2) §-p-fructofuranoside], glucose, 
and fructose.? The trisaccharide formation appeared virtually unaffected but the ratio 
of fructose to glucose was markedly reduced (Table 2) in the presence of streptomycin. 
Commercial yeast invertase normally acts on sucrose to give trisaccharides [mainly O-a-p- 
glucopyranosyl-(1 — 2)-0-8-p-fructofuranosyl-(6 — 2) §-p-fructofuranoside}], a di- 
saccharide, glucose, and fructose. Streptomycin reduced the formation of the disaccharide 
and one of the trisaccharides but affected the production of glucose and fructose less than 
with A. niger transfructosylase. The effect was demonstrated polarimetrically (Figure). 


Action of streptomycin on sucrose inversions of commercial invertase. 
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Digest vol., 10 c.c. Temp., 29°. 
Invertase 
Digest Sucrose (g.) Streptomycin (g.) concentrate (c.c.) 
A 0-33 0 0-33 
B 0-33 0-10 0-33 
Cc 1-50 0 0-01 
D 1-50 1-0 0-01 


Values of [«]p were calculated from the original concentration of sucrose and corrected, where 
necessary, for the presence of streptomycin. 


The ability of a cell-free extract of A. niger “‘ 152” to synthesise 8-1 : 2, 8-1: 3, B-1 : 6, 
etc., linkages from cellobiose ®* by transglucosylation was not seriously impaired by the 
presence of streptomycin (15%). Bitter-almond emulsin produced glucose, gentiobiose, 


TABLE 2. Effect of streptomycin on A. niger transfructosylase. 


Monosaccharides produced in digest (5 c.c.) 
» = 





= oun — 
Streptomycin Total reducing Fructose Fructose (as % of total 
(%) monosaccharides (mg.) (mg.) monosaccharide) 
15 27 <1°5 <5 
15 26-5 <1-5 <5 
1 45 6 13 
0-1 70 9 13 
0-01 88 19 22 
0-001 102 20 20 
Nil 91 22 24 


laminaribiose, etc., from cellobiose in a similar manner, and in this case the laminaribiose 
formation was selectively retarded in the presence of streptomycin (15%). 

® Barker and Carrington, /., 1953, 3588. 

7 Barker, Bourne, and Carrington, J., 1954, 2125. 
8 Barker, Bourne, and Stacey, Chem. and Ind., 1953, 1287. 
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Other enzymes isolated from A. #iger ‘‘ 152,” the actions of which were retarded by 
streptomycin, were the transglucosylase which produced panose, isomaltose, and glucose 
from maltose, and the transgalactosylase which produced oligosaccharides from lactose. 
Dextransucrase from Betacoccus arabinosaceous (Birmingham strain) synthesised only 
slightly less dextran in the presence of streptomycin (1% or 15%) than in its absence. 
Both human salivary «-amylase and soya-bean 8-amylase were only slightly affected by 
streptomycin (1% or 15%). Important systems affected little, if at all, were the actions 
of potato phosphorylase and calf intestinal phosphatase on glucose 1-phosphate, the action 
of calf intestinal phosphatase on a-glycerophosphate and the action of pea aldolase on 
fructose 1 : 6-diphosphate. 

Specific inhibition of enzymes by streptomycin could be explained in a variety of ways 
(e.g., aS an antimetabolite or a chemical poison) and one possibility is that it removes 
essential metabolites or co-enzymes by complex formation. We have shown, for example, 
that streptomycin sulphate precipitates heparin, chondroitin sulphate, and dextran 
sulphate from solutions of low ionic strength. It has also been reported that streptomycin 
will precipitate nucleic acids under similar conditions (Korzybski and Kurylowicz %). It is 
of interest that the concentrations of streptomycin required to produce marked effects on 
the isolated enzyme systems described here are appreciably greater than those in which it 
is employed as an antibiotic, but in the latter case higher concentrations could well be 
reached in localised regions of the micro-organisms although it is more likely that the 
antibiotic activity is exerted through enzyme systems other than those reported here. 

Streptomycin is closely related in structure to a trisaccharide and might be expected to 
serve as a receptor molecule for suitable transglycosylases, to yield glycosyl-streptomycins. 
Indeed the naturally occurring mannosyl-streptomycin probably arises from such a process. 
It was hoped that the above studies would provide routes to new analogues of mannosyl- 
streptomycin, but none of the transglycosylases examined was able to utilise streptomycin 
as a receptor. 

EXPERIMENTAL 

Streptomycin.—The antibiotic was used as sulphate (from Messrs. Glaxo), of the medicinal 
grade, and appeared pure on ionophoresis and paper chromatography. Its isolation had 
included preparation of and recovery from the calcium chloride complex, and use of this 
complex in place of the sulphate gave identical results in our work (calcium chloride itself had 
no such effects). 

General Methods.—(a) Paper chromatography. Sugars were separated on paper by using the 
organic phase of a butanol—ethanol—-water-ammonia mixture (40: 10: 49: 1) and detected with 
aniline hydrogen phthalate 2° or naphtharesorcinol.14_ Alternatively the sugars were separated 
as their benzylamine derivatives and detected with ninhydrin.™ 

(b) Paper electrophoresis. Streptomycin, or products derived therefrom, was separated by 
paper electrophoresis in 0-2N-acetate buffer, pH 5-0 at 15 v/cm. for 4 hr. Papers were developed 
severally with aniline hydrogen phthalate,!® naphtharesorcinol,'4 a modified Elson—Morgan 
reagent, and alkaline diacetyl-«-naphthol.* 

(c) Quantitative separation and determination of reducing monosaccharides from enzyme 
digests. Corbett’s method was adapted to separate 10—15 mg. of sugars. The columns 
(length, 6cm.; diam. 1-5 cm.) were prepared from equal volumes of charcoal and “‘ Celite 545 ”’ 
which had been washed with concentrated hydrochloric acid, water, and ethanol, dialysed, and 
then left in a partial vacuum for 2 hr. to remove dissolved gases. This removal of gases was 
effected on all the liquids passing into the columns. Each column was packed as an aqueous 
slurry and suction applied at the base of the column to maintain the rate of elution at 
ca. 1 c.c./min. An aqueous solution (10 c.c.) of the components to be separated was passed 
into the column which was then washed with water. The monosaccharides, eluted in the first 

® Korzybski and Kurylowicz, Med. Déswiadczalna i Mikrobiol., 1953, 5, 378. 

10 Partridge, Nature, 1949, 164, 443. 

11 Forsyth, ibid., 1948, 161, 239. 

12 Bayly and Bourne, ibid., 1953, 171, 385. 


13 Foster and Ashton, ibid., 172, 958. 
14 Corbett, Chem. and Ind., 1953, 1285. 
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100 c.c., were concentrated by freeze-drying in the presence of 0-2m-acetate buffer, pH 7-0 
(1 c.c.) to prevent mechanical losses during the final stages of freeze-drying. The charac- 
teristics of the column were found by elution of solutions containing known amounts of glucose 
and fructose in the presence of maltose, sucrose, glucose 1-phosphate, and streptomycin A 
sulphate (Table 3). 

The total reducing sugars in the monosaccharide fraction were determined by Shaffer and 
Hartmann’s method.!5 The fructose was estimated in the same manner after oxidation of 
reducing aldoses by alkaline iodine.1* The glucose was measured by the difference in these two 
amounts. 

Effect of Streptomycin on Various Enzymes.—(a) Amylomaltase of E. coli. E. coli (Monod 
strain) was grown, collected, and freeze-dried (Monod and Torriani,!? Barker and Bourne 3). 
The cells (1-5 g.) were shaken at <20° in water with glass beads for 45 min. in a Mickle tissue 
disintegrator. The suspension was diluted to 90 c.c., and centrifuged at 5000 r.p.m. to eliminate 
cell debris. Staining confirmed the absence of whole cells. Enzyme extract (5 c.c.) and 
maltose (0-75 g.) were incorporated in a digest adjusted to pH 7, incubated at 30°, and analysed 
by paper chromatography. A homologous series of oligosaccharides (maltotriose, maltotetraose, 
etc.) was formed together with glucose and fructose. A similar digest containing added 
streptomycin A sulphate (0-75 g.) produced the amylosaccharides and glucose as before, but 
the amount of fructose was markedly reduced. 

Analysis of a similar digest containing glucose (0-75 g.) in place of maltose, showed glucose 
only. When dipotassium a«-p-glucose 1-phosphate dihydrate (0-5 g.) replaced maltose, both 
glucose and fructose were produced, but no oligosaccharides were formed. The presence of 
streptomycin (0-75 g.) again caused a marked réduction in the amount of fructose formed. 

The monosaccharides formed in the above digests were determined quantitatively on 
charcoal columns. The results of the analysis of 0-1 c.c. portions of the digest, removed in 


TABLE 3. Calibration of charcoal columns. 


Analysis mixture 
“~ 





neta eal h 5 Abeta Sugars estimated 
Glucose (mg.) Fructose (mg.) Other components Glucose (mg.) Fructose (1ng.) 

P ‘ Sucrose, 3 mg. 20 , 

’ . Lsmapneequit 9 mg. 313 2-99 

. : Sucrose, 9 mg. ; o 

$ 3 bnew nade 9 mg. 3-10 2-98 

° 2 Maltose, 3 mg. o. 

¥: “s  Fmatarvadachen 9 mg. 2-83 3:13 


e 2 ee 9 mg. 9.97 9.97 
* Streptomycin, 9 mg. i he bn 
3 3 {Soneene l-phosphate, 6 mg. 2-97 3-02 


Streptomycin, 9 mg. 


10 c.c. of solution by serial dilution, are shown in Table 1. Electrophoretic examination of all 
digests did not reveal any modification of the streptomycin. 

(b) Nigeran-producing system of Aspergillus niger “‘ 152.’’ The mould was grown for 
7 days at 30° on a series of synthetic media * containing sucrose (10%) and various amounts 
(O—10%) of streptomycin A sulphate. The mycelia were washed, shredded, freeze-dried, and 
weighed. Each mycelium was extracted four times with boiling water (100 c.c.) for 30 min. 
and the nigeran obtained by centrifuging the cold extracts. The purity of each fraction was 
checked by (i) its infrared spectrum,’® (ii) the product of total hydrolysis, and (iii) its specific 
rotation. 

The experiments were carried out with two types of A. niger “‘ 152”’: type I, the normal 
type, which was subcultured on sucrose—agar at intervals of 1 month; and type II, an abnormal 
type which was subcultured on sucrose-streptomycin—agar at intervalsof 1 month. The results 
are given in Table 4. In all cases where the yield of nigeran was very low, a soluble starch-type 
polysaccharide could be detected in the aqueous extracts. It was stained blue with iodine, 
was attacked by «- and @-amylase, and gave glucose on acid hydrolysis. 

18 Shaffer and Hartmann, J. Biol. Chem., 1920, 45, 365. 

16 Van der Plank, Biochem. J., 1936, 30, 457. 

17 Monod and Torriani, Compt. rend., 1948, 227, 240. 

18 Barker and Bourne, /., 1952, 209. 

18 Barker, Bourne, Stacey, and Whiffen, ibid., 1954, 171. 
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TABLE 4. The effect of streptomycin on nigeran synthesis. 





Streptomycin absent Streptomycin present 
Culture Mycelium (as % Nigeran (as % Concn. Mycelium (as % Nigeran (as % 
type of sucrose) of mycelium) (%) of sucrose) of mycelium) 
I 35-3 0-6 10-0 34-5 4-9 
II 30-2 5-1 10-0 29-7 16-9 
5 months later 
26-3 0-6 10-0 33-0 2-8 
1-0 45-6 1-0 
0-1 35-7 0-5 
II 58-2 <0-1 10-0 32-7 2-4 
1-0 55-3 1-7 
0-1 31-2 0-2 
(c) Transfructosylase and invertase system(s) of A. niger ‘“‘ 152’’. The mould was grown ona 


synthetic medium containing sucrose,* washed, shredded, and freeze-dried. A cell-free extract 
was prepared, as in (a) above, from 3 g. of cells and diluted to 100 c.c. Digests containing this 
enzyme extract (5 c.c.) and sucrose (0-75 g.) were adjusted to pH 7 with sodium hydroxide and 
incubated at 30°. Paper chromatography showed the formation of glucose, fructose, and two 
trisaccharides. Ina similar digest containing streptomycin A sulphate (0-75 g.), the formation 
of fructose was markedly reduced while that of glucose and trisaccharide was less affected. 
Correspondingly smaller effects were observed in the presence of amounts of streptomycin down 
to 0-005 g. 

Quantitative measurements of the monosaccharides (Table 2) were made with the small- 
column technique described above. Similar digests were examined containing glucose (0-75 g.) 
or fructose (0-75 g.) in place of sucrose. No detectable change occurred in either the presence 
or the absence of streptomycin. Electrophoretic examination of all the digests failed to show 
any modification of the streptomycin molecule. 

(d) Other enzyme systems affected by streptomycin. (i) The transglucosylase of Aspergillus 
niger ‘‘ 152’’. Portions (5 c.c.) of a cell-free extract of A. miger ‘‘ 152’, grown on sucrose, were 
incubated with maltose (0-75 g.) at 30° in the presence of various quantities of streptomycin A 
sulphate (0 to 0-75 g.), the pH being adjusted in each case to 6-5—7-0 with sodium hydroxide. 
In the absence of streptomycin, chromatography showed the formation of panose, isomaltose, 
and glucose. In the presence of streptomycin (>0-005 g., 0-1%), production of these three 
sugars was slower. No modification of the streptomycin could be detected. 

(ii) Commercial yeast invertase concentrate (B.D.H.). Two digests (pH 6-5—7-0) were 
prepared containing sucrose (0-75 g.), diluted invertase concentrate (5 c.c., 0-1% v/v concentrate 
in water), and, in one digest, streptomycin A sulphate (0-75 g.). After incubation at 25°, 
chromatography showed the formation of fructose, glucose, a disaccharide, and two 
trisaccharides in the absence of streptomycin. In the second digest the disaccharide and one of 
the trisaccharides could not be detected. Electrophoresis of the digests did not show any 
modification of the streptomycin. 

Polarimetric examination of the reaction occurring in two solutions (10 c.c.) containing 
enzyme concentrate (0-01 c.c.), sucrose (1-5 g.), and, in one case, streptomycin A sulphate 
(1-0 g.) is shown in the Figure. Another pair of digests (10 c.c.) containing enzyme concentrate 
(0-33 c.c.), sucrose (0-33 g.), and, in one case, streptomycin (0-1 g.) were also examined (Figure). 
The reactions were carried out at 29°. 

(iii) Transgalactosylase from A. niger ‘“‘152’’. The mould was grown on a synthetic 
medium containing lactose (10%) as the sole carbon source, the mycelium obtained was washed, 
shredded, and freeze-dried, and a cell-free extract isolated as previously described. Two 
digests (pH 6-5—7-0) were prepared containing lactose (0-75 g.), cell-free extract (5 c.c.), and, 
in one case, streptomycin A sulphate (0-75 g.) and incubated at 30°. Chromatography showed 
the formation of a trisaccharide, galactose, and glucose in the streptomycin-free digest, while 
in the presence of streptomycin no sugars other than lactose were detectable. Electrophoresis 
showed that the streptomycin had not been modified. 


We are indebted to the Glaxo Laboratories, Ltd., for the generous provision of streptomycin 
sulphate and for financial assistance. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF BIRMINGHAM, 
EDGBASTON, BIRMINGHAM, 15. [Received, January 2nd, 1957.] 
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584. T'hiadiazoles. Part V.1 The Oxidation of N-(Arene- 
sulphonamidino)thioureas. 


By FREDERICK KURZER. 


Bromine cyclises N-(sulphonamidino)thioureas almost quantitatively 
to 5-arylamino-3-sulphonamido-1 : 2: 4-thiadiazoles. Arenesulphonyl 
chlorides in pyridine are also suitable cyclising agents, which convert N- 
(sulphonamidino)thioureas as well as the parent bases, amidinothiourea and 
its homologues, into sulphonyl derivatives of 1: 2: 4-thiadiazoles directly. 


N-(AROYLAMIDINO)THIOUREAS are cyclised by oxidising agents to 5-amino-3-aroyl- or 
3-amino-5-aryl-l : 2 : 4-thiadiazoles or mixtures thereof, depending on the experimental 
conditions.‘ The present account describes analogous reactions involving N-(arene- 
sulphonamidino)thioureas. 

Under the usual conditions,? bromine cyclised N-(toluene-f-sulphonamidino)thiourea * 
(I; R=H, R’ = ~-C,H,Me) and its N-phenyl-homologue (I; R = Ph) to 5-amino(or 
anilino)-3-toluene-f-sulphonamido-l : 2 : 4-thiadiazole (II; R = H or Ph, R’ = p-C,H,Me) 
almost quantitatively. The alternative formulation of the products as (VII) may 
reasonably be excluded on the basis of the preferential participation of the amino- rather 
than the sulphonamido-hydrogen in the oxidative ring-closure. Since the cyclisation 
product from N-(toluene-f-sulphonamidino)thiourea proved to be identical with the 
derivative previously obtained * by direct acylation of 3 : 5-diamino-1 : 2 : 4-thiadiazole, 
the present results indirectly confirm the superior reactivity of the 3-amino- over the 
5-amino-group in this heterocyclic system. 

Arenesulphonyl chlorides, in pyridine, were next observed to bring about the 
same cyclisation. N-Phenyl-N’-(toluene-f-sulphonamidino)thiourea (I; R = Ph, 
R’ = p-C,H,Me), for example, was converted into 5-anilino-3-toluene-p-sulphonamido- 
1:2:4thiadiazole (II; R = Ph, R’ = £-C,H,Me) in 50% yield, a further 25% being 
isolated as the heterocyclic disulphonyl derivative. The formation of the latter is likely 
to proceed by acylation of the primarily cyclised product (II) rather than by cyclisation of 
the appropriate preformed disulphonylamidinothiourea, since sulphony] chlorides failed to 
afford sulphonylamidinothioureas (I) from amidinothiourea under a variety of conditions 
(cf. p. 3001) but are known to acylate 1 : 2 : 4-thiadiazoles readily.1:2** It seemed therefore 
probable, in spite of published data to the contrary,‘ that amidinothiourea itself might 
undergo an analogous simultaneous ring closure and sulphonylation. This expectation 
was realised: arenesulphonyl chlorides converted, not only the parent compound (III; 
R = H) into 5-amino-3-arenesulphonamido-] : 2 : 4-thiadiazoles in consistent, if moderate 
yields, but also cyclised and acylated homologues such as N-phenyl- (III; R = Ph) and 
NN’-diphenyl-amidinothiourea with equal facility. 

Irrespective of its mechanism, the reaction may be expressed by the overall equation 
(1); this representation is supported by the observation that approximately one-third 
of a mole of #-tolyl toluene-p-thiolsulphonate was isolated for each mole of 1 : 2 : 4-thia- 
diazole; much of the excess of sulphonyl chloride reappeared, of course, as the sulphonic 
acid. The patent literature records a claim‘ according to which amidinothiourea and 
p-nitrobenzenesulphonyl chloride react in pyridine, substantially under the conditions of 
the above cyclisations, to yield the appropriate sulphonylamidinothiourea (I; R =H, 


1 Part IV, Kurzer, J., 1956, 4524. 
2 Parts I—III, Kurzer, (a) J., 1955, 1; (b) J., 1955, 2288; (c) J., 1956, 2345; (d) Cf. Chem. and 
Ind., 1956, 1482. 
3 Kurzer and Powell, J., 1953, 2531. 
* Winneck, U.S.P. 2,303,972/1942. 
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R’ = p-NO,°C,H,). It seems significant, however, that physical properties were given 
for neither this compound nor the p-amino-analogue prepared therefrom by reduction. 








5R’-SO,CI + 3NH,-C(:NH)*NH-CS:-NH, —> 
3R’-SO,°C,H,N,S (cf. Il) + R’SO,SR’ + 2H,O +5HCI. . (1) 


Sulphonyl chlorides have previously been found to oxidise compounds incorporating 
the thioamide structure. In media such as ethanol,® ® acetone,® and other organic solvents,® 
thiourea yields dithioformamidine, w uae arylthioureas ? are oxidised to ‘‘ Hector’s bases ”” 
(probably 2 : 4-diaryl-3 : 5-di-imino-1 : 2 : 4-thiadiazolidines). A comparable reaction is 
the cyclisation of thiobenzamide to 3: twee 1-1 : 2: 4-thiadiazole under the influence 
of thionyl chloride.* In contrast to these reactions, and the successful cyclisation of 
amidinothioureas (I; III) in pyridine (to II), arenesulphony] chlorides in neutral solvents 
effected merely a partial desulphurisation : in ethanol or acetone, they slowly converted 
amidinothiourea (III; R = H) into amidinourea (VI; R = H) which separated gradually 
as the arenesulphonate. The distinctly acidic character of sulphonylthiadiazoles (II) 
derived from amidinothioureas, contrasting with the basic nature of the oxidation products 
of thioureas, may necessitate, in the present cyclisation, the use of a basic medium; more- 
over, this would form the more reactive addition complex with the sulphony] halide. 


' 
R’: ee =—— _ PR’ $O,*NH-C-NH-C*NHR ial ak 
i 
(IV) Tes Vf pila Sam) 
R’+ SO,*NH- Cc NH: Cc. NHR = a *SO2°R! NH,- C: “NH: C: NHR 1 ” 
NH OO nun UN . oe run LN*SO2°R’ 
S 


(Vv) (II) (V1) > (VII) 


Reagents: 1,H,O,. 2,R°NCS. 3,R‘NCO. 4,H,O,. 5, Br,; R’SO,CI-C,H,N; H,O,. 6, Zn-HCl. 
7, R“SO,CI-C,H,N. 8, R’SO,CI-EtOH. 


Hydrogen peroxide, so far the most generally applicable cyclising agent for compounds 
incorporating the CS‘NH°C(:NH): grouping,’;? was found to be unsuitable for cyclising 
sulphonamidinothioureas. Irrespective of the concentration of mineral acid present 
(cf. ref. 1), its predominating action was fission of such derivatives (I; R =H or Ph; 
R’ = C,H,Me) at the CS-NH bond, giving sulphonylguanidine (IV) as main product 
(up to 56%). A smaller proportion of the reactant (up to 35%) was desulphurised to 
sulphonamidinoureas (V), while a minute fraction was occasionally cyclised (to II), 
particularly in the presence of mineral acid. These observations are significant in 
connexion with the comparable peroxide oxidation of N-benzoylamidinothiourea ! which 
affords the expected 5-amino-3-benzamido-l : 2 : 4-thiadiazole in acid media, but yields 
3-amino-5-phenyl-1 : 2 : 4-thiadiazole in neutral solution. Amongst possible mechanisms 
for this unexpected latter reaction, the intermediate formation of benzoylguanidine has 
been considered.1 The course of the analogous oxidation of sulphonamidinothioureas 
appears to provide some indirect support for this suggestion: while the stability of the 
sulphonyl group terminates the oxidation at the sulphonylguanidine (IV) stage, analogously 
formed benzoylguanidine may undergo thiation at its carbonyl group,® thus finally yielding 
the heterocyclic end-product. 

5 McGowan, J., 1886, 49, 191; 1887, 51, 666; J. prakt. Chem., 1886, 33, 188; Remsen and Turner, 
Amer. Chem., ]., 1901, 25, 190. 

* Leitch, Baker, and Brickman, Canad. J. Res., 1945, 28, B, 139. 

7 Fromm and Heyder, Ber., 1909, 42, 3804. 

® Ishikawa, Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 1928, 7, 237. 

* Kindler and Finndorf, Ber., 1921, 54, 1079; Kindler, Annalen, 1923, 431, 209; Gatewood and 
Johnson, J]. Amer. Chem. Soc., 1926, 48, 2904. 
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N-Phenyl-N’-toluene-p-sulphonamidino-urea and -thiourea (V and I; R= Ph, 
R’ = p-C,H,Me), required in these experiments, were readily accessible by condensation 
of toluene-f-sulphonylguanidine (IV) with phenyl isocyanate or isothiocyanate in the 
presence of sodium, by the procedure generally applicable for synthesising amidinothio- 
ureas.2,'® In the former case, a product formulated as NN’-di(phenylcarbamoy])- 
N’’-(toluene-p-sulphonimido)guanidine, R’*SO,*N7C(NH-‘CO-NHPh),, arising by the 
addition of two molecules of phenyl isocyanate to the guanidine, was obtained in 
addition to the expected urea (V). In this respect, the behaviour of the sulphony]l- 
guanidine resembles that of O-methylisourea,!! which is capable of condensing with two 
molecules of phenyl tsocyanate, but reacts with one molecule of isothiocyanate only. 


EXPERIMENTAL 


The pyridine used was the commercially available anhydrous grade. Light petroleum was 
of boiling range 60—80°. 

Toluene-p-sulphonamidinothiourea was prepared by addition of hydrogen sulphide to 
N-cyano-N’-toluene-p-sulphonylguanidine.* It was not obtainable from amidinothiourea and 
toluene-p-sulphonyl chloride in the presence of ethanolic sodium ethoxide, or of aqueous sodium 
hydroxide and acetone, by variations of Kaiser and Thurston’s general procedure.” 

N-Phenyl-N’-(toluene-p-sulphonamidino)thiourea (I; R = Ph, R’ = p-C,H,Me).—(a) The 
suspension obtained by adding sodium (0-92 g.,.0-04 g.-atom) to acetone (50 ml.) was treated 
with a solution of toluene-p-sulphonylguanidine monohydrate (9-24 g., 0-04 mole) in boiling 
acetone (200 ml.). To the resulting white suspension at 40°, phenyl isothiocyanate (6-75 g., 
0-05 mole) was added: all the material rapidly passed into solution, the temperature of which 
rose spontaneously. After the removal of the solvent in a vacuum during 15 min., the residue 
was treated with water (300 ml.), the alkaline suspension set aside at 0° overnight, and the 
separated crude sodium salt collected (filtrate A). It was dissolved in water (250 ml.) at 80° 
and filtered hot (carbon), and the filtrate slowly acidified, with addition of ice, with concentrated 
hydrochloric acid (to Congo-red). The precipitated white granular solid gave, on crystallisation 
from ethanol (10 ml. per g.), prisms of N-phenyl-N’-(toluene-p-sulphonamidino)thiourea, m. p. 
180—182° (7-8—8-9 g., 56 64%) (Found: C, 51-95; H, 4-5; N, 16-8; S,18-2. C,,;H,,0,N,S, 
requires C, 51-7; H, 4-6; N, 16-1; S, 18-4%). Acidification of filtrate A (to Congo-red) pre- 
cipitated a viscous oil, from which only small quantities of inferior product (m. p. 175—180°) 
were isolated by crystallisation from ethanol. The product gave a precipitate of lead sulphide 
on being boiled in 12% aqueous sodium hydroxide containing lead acetate. 

Toluene-p-sulphonylguanidine and phenyl isothiocyanate failed to interact in boiling acetone, 
or in pyridine—triethylamine at 100° during 2 hr. 

(6) A boiling suspension of 5-anilino-3-toluene-p-sulphonamido-1 : 2 : 4-thiadiazole (1-73 g., 
0-005 mole) in ethanol (50 ml.) containing zinc foil (4 g.) was treated with concentrated hydro- 
chloric acid (5 ml.) during 2 min., and refluxed during 8 min. The clear solution, decanted from 
the zinc, was distilled in a vacuum to 10 ml. and stirred into water. The precipitated granular 
solid, crystallised as above, was N-phenyl-N’-(toluene-p-sulphonamidino)thiourea, m. p. and 
mixed m. p. 180—182° (yield, 65%). 

N-Phenyl-N’-(toluene-p-sulphonamidino)urea (V; R = Ph, R’ = p-C,gH,Me).—Interaction 
of the reactants [quantities and conditions as described immediately above, method (a), except 
for the use of phenyl isocyanate (6-0 g., 0-05 mole) instead of isothiocyanate] gave, after the 
removal of the acetone, a treacly residue, which was immediately dissolved by the addition of 
hot 0-25N-sodium hydroxide (300—350 ml.). The orange liquid was then quickly acidified 
(to Congo-red) with concentrated hydrochloric acid (before separation of sodium salt set in), and 
the precipitated semisolid orange product separated from the aqueous phase by decantation. 
When suspended in ice-water, the product solidified rapidly and was collected. It was dissolved 
by being added to boiling acetone—-ethanol (2:1; 300 ml.); the solution was refluxed with 
carbon and filtered at the pump. On storage, the yellow filtrate deposited successive crops of 


10 Slotta, Tschesche, and Dressler, Ber., 1930, 68, 208. 
11 Bruce, J. Amer. Chem. Soc., 1904, 26, 449. 
12 Cf. Adams, Kaiser, Nagy, Peters, Sperry, and Thurston, J. Org. Chem., 1952, 17, 1162. 
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massive prisms (A), and finally more soluble fractions of felted needles (B). The combined 
fractions A, crystallised from acetone—ethanol—benzene (2:1: 1) (followed by partial evapor- 
ation), gave platelets (7-45 g., 56%) of N-phenyl-N’-(toluene-p-sulphonamidino)urea, m. p. 209— 
211° (after sintering at 207°; somewhat subject to the rate of heating) (Found: C, 54-1; 
H, 4:8; N, 16-2; S, 9-2. C,,;H,,O,N,S requires C, 54-2; H, 4-8; N, 16-9; S, 9-6%). 

Fractions B were crystallised by being dissolved in acetone—ethanol (1:1, 10 ml. per g.), 
and the filtered solution evaporated to remove most of the acetone. The product was NN’-di- 
(phenylcarbamoyl)-N”’-(toluene-p-sulphonimido)guanidine, m. p. 178—179°, crystallising as 
prisms from ethanol, or as needles from ethanol containing little acetone (yield, 1-95 g., 11%) 
(Found: C, 58-7; H, 4-7; N, 15-9; S, 7-0. C,.H,,O,N;S requires C, 58-5; H, 4-7; N, 15-5; 
S, 7:1%). The use of a larger excess of phenyl isocyanate (0-1 mole) and of sodium (0-08 g.- 
atom) increased the yields of the two products to 70 and 18% respectively. 

5-A mino-3-toluene-p-sulphonamido-1 : 2: 4-thiadiazole (II; R=H, R’ = p-C,H,Me).— 
(a) A solution of amidinothiourea (2-36 g., 0-02 mole) in pyridine (40 ml.) was treated with 
toluene-p-sulphonyl chloride (7-6 g., 0-04 mole). To the resulting hot liquid, kept at 100° 
during 45 min., more sulphonyl chloride was added at }-hour intervals (2 x 0-01 mole). The 
soft brown material obtained by adding the mixture to ice (300 g.) and concentrated hydro- 
chloric acid (45 ml.) was collected, rinsed with water, and dissolved in boiling ethanol (30 ml.). 
The resulting brown solution deposited successive crops of crystals: (A) The powdery least 
soluble high-melting fractions gave, after crystallisation from ethanol—acetone-light petroleum, 
prisms of 5-amino-3-toluene-p-sulphonamido-1 : 2 : 4-thiadiazole, m. p. and mixed m. p. [with 
authentic material prepared by method (b)] 231—233° (decomp., after sintering at 226°). 
Yield 1-51 g., 28%. (B) The most soluble crop, consisting of glass-like prisms, was p-tolyl 
toluene-p-thiolsulphonate, m. p. and mixed m. p. 77—78° (from ethanol) (0-59 g., 32%, calc. 
according to eqn. 1). 

(b) A solution of N-(toluene-p-sulphonamidino)thiourea * (2-72 g., 0-01 mole) in boiling 
ethanol (40 ml.) was allowed to cool to 40°, and treated with bromine (1-60 g., 0-01 mole) in 
chloroform (10 ml.); the resulting colourless liquid was immediately stirred into ice-water 
(250 ml.). The aqueous layer was decanted; to it was later added the granular white solid 
obtained on spontaneous evaporation of the solvent from the small chloroform layer. The 
collected combined product (m. p. 230—236°; 2-48 g., 92%) gave, after crystallisation as above, 
prisms of 5-amino-3-toluene-p-sulphonamido-1 : 2 : 4-thiadiazole, m. p. and mixed m. p. with 
material prepared by method (a) above, or from 3 : 5-diamino-1 : 2 : 4-thiadiazole **, 232—234° 
(decomp., after sintering at 228°). 

5-Amino-3-m-nitrobenzenesulphonamido-1 : 2: 4-thiadiazole——Interaction of amidino- 
thiourea (2-36 g., 0-02 mole) and m-nitrobenzenesulphonyl chloride (0-06 mole) in pyridine 
(45 ml.) [according to method (a) immediately above] gave a crude product which was boiled 
with ethanol (25 ml.). The separated solid, collected at 0° (filtrate A), and crystallised from 
nitrobenzene-ethanol,”” was 5-amino-3-m-nitrobenzenesulphonamido-1 : 2 : 4-thiadiazole, m. p. 
and mixed m. p.* 272—275° (decomp., after sintering at 270°) (yield, 1-56 g., 26%). From the 
ethanol filtrates A, small quantities of m-nitrophenyl m-nitrobenzenethiolsulphonate, m. p. 
and mixed m. p.!* 122—123°, were isolated. 

5-Anilino-3-toluene-p-sulphonamido-1 : 2: 4-thiadiazole (II; R= Ph, R’ = ~-C,H,Me).— 
(a) Interaction of N-phenyl-N’-(toluene-p-sulphonamidino)thiourea (1-05 g., 0-003 mole) and 
toluene-p-sulphonyl chloride (1-72 g., 0-009 mole) in pyridine (12 ml.) at 100° during 45 min. 
followed by addition of the liquid to N-hydrochloric acid (100 ml.) at 0° gave an orange viscous 
product. This was boiled with ethanol (20 ml.) : the separated granular solid (m. p. 245—250°; 
0-55 g., 53%) consisted, after crystallisation,” of prisms of 5-anilino-3-toluene-p-sulphonamido- 
1: 2: 4-thiadiazole, m. p. and mixed m. p. with authentic material,” 256—258° (after sintering 
at 250°). The ethanol filtrates deposited crystals, which gave, on fractionation from acetone— 
ethanol, platelets (0-35 g., 23%) of the ditoluene-p-sulphonyl derivative of 3-amino-5-anilino- 
1; 2: 4-thiadiazole, m. p. and mixed m. p. with authentic material *° 203—205° (Found: 
C, 52-8; H, 3-8; N, 11-3; S, 19-35. Calc. for C,.H,,O,N,S,: C, 52:8; H, 4-0; N, 11-2; 
S, 19-2%). 

(b) A solution of N-phenyl-N’-(toluene-p-sulphonamidino)thiourea (3-48 g., 0-01 mole) in 
ethanol (100 ml.) at 40° was treated with bromine (1-60 g., 0-01 mole) in chloroform. The 


13 Limpricht, Annalen, 1894, 278, 253. 
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product, isolated and crystallised in the usual manner, was 5-anilino-3-toluene-p-sulphonamido- 
1: 2: 4-thiadiazole, m. p. and mixed m. p. (with material prepared from 3-amino-5-anilino- 
1: 2: 4-thiadiazole *°) 256—257° (yield, 85%). 

(c) Interaction of N-phenyl-N’-amidinothiourea }® (1-94 g., 0-01 mole) and toluene-p- 
sulphonyl chloride (5-72 g., 0-03 mole) in pyridine (30 ml.) at 100° during 45 min., followed by 
the usual working-up, gave a crude product which was boiled with ethanol (10 ml.). The 
undissolved granular product was collected at 0° and consisted, after crystallisation, of 5-anilino- 
3-toluene-p-sulphonamido-] : 2: 4-thiadiazole, m. p. and mixed m. p. 256—257° (25—35%) 
(Found: C, 52-1; H, 3-8. Calc. for C,;H,,O,N,S,: C, 52-0; H, 4:05%). 

5-A nilino-3-m-nitrobenzenesulphonamido-1 : 2 : 4-thiadiazole——(a) Reaction between N- 
phenyl-N’-amidinothiourea and m-nitrobenzenesulphonyl chloride in pyridine (as detailed 
immediately above) gave the thiadiazole (28%), m. p. and mixed m. p. (with the authentic 
specimen prepared by method b) 258—259°. 

(b) Interaction of 3-amino-5-anilino-1 : 2: 4-thiadiazole (1-92 g., 0-01 mole) and m-nitro- 
benzenesulphonyl chloride (2-66 g., 0-012 mole) in pyridine by the general procedure * gave a 
product which was crystallised by dissolution in acetone-ethanol—benzene (2: 1:1, 100 ml. 
per g.), followed by distillation of the filtered solution to incipient crystallisation. The deriv- 
ative (2-55 g., 68%) formed a pale-yellow microcrystalline powder, m. p. 257—259° (after 
sintering at 254°) (Found: C, 44-9; H, 2-7; N, 18-2; S, 16-5. C,,H,,0,N;S, requires C, 44-6; 
H, 2-9; N, 18-6; S, 17-0%). . 

3 : 5-Dianilino-2 : 4-ditoluene-p-sulphonyl-1 : 2 : 4-thiadiazolidine.—Interaction of N-phenyl- 
N’-phenylamidinothiourea (2-70 g., 0-01 mole) and toluene-p-sulphonyl chloride (0-03 + 3 
x 0-01 mole) in pyridine (45 ml.) gave a crude product, which after crystallisation from acetone— 
ethanol, consisted of the derivative, m. p. and mixed m. p.*° 240—242° (1-15 g., 20%). 

Interaction of Amidinothiourea and Toluene-p-sulphonyl Chloride in Organic Solvents.— 
Amidinothiourea (3-54 g., 0-03 mole), dissolved in boiling ethanol (125 ml.), was treated at 50° 
with toluene-p-sulphonyl] chloride (12-54 g., 0-066 mole). The clear liquid, diluted with ether 
(50 ml.), was set aside at room température in an open beaker. The yellow droplets of oil 
which were deposited within the first 2—3 days redissolved, while crystals were slowly deposited. 
These were collected (after 10—14 days), and rinsed with a little acetone (product A). Continued 
spontaneous evaporation of the filtrate at room temperature to small volume similarly afforded 
successive crops, Band C. Product A (3—3-8 g.) was dissolved by being boiled with successive 
portions of 90% ethanol (6 x 10 ml.). A small undissolved residue consisted of sulphur 
(0-35—0-45 g.). The combined decanted liquid deposited platelets (2-85—3-3 g., 35—40%) of 
amidinourea toluene-p-sulphonate, m. p. and mixed 14 m. p. 242—244° (decomp., resolidifying 
after melting instantly to a white wax-like solid) (Found: C, 39-6; H, 4-8. Calc. for 
CyH,,0,N,S: C, 39-4; H, 5-1%). The material gave the characteristic yellow nickel salt.15 
Products B and C consisted chiefly of recovered impure amidinothiourea toluene-p-sulphonate 
(3-5 g., 40%), forming platelets, m. p. and mixed m. p. ?* 176—178° (from aqueous ethanol). 
The filtrates therefrom contained unidentified non-homogeneous material. 

In experiments employing benzenesulphonyl chloride, amidinourea and amidinothiourea 
benzenesulphonates [m. p. 234—236° (decomp.) and 111—114° (decomp.) respectively] were 
isolated in 25 and 34% yields respectively. 

Oxidation of N-Phenyl-N’-(toluene-p-sulphonamidino)thiourea with Hydrogen Peroxide.— 
(a) A boiling solution of the reactant (3-50 g., 0-01 mole) in ethanol (60 ml.), acidified with 1 drop 
of 3n-hydrochloric acid, was treated with 6% hydrogen peroxide (3 x 5-7 ml., at 3 min. intervals; 
0-03 mole), and the resulting liquid stirred into ice-water (300 ml.). The precipitated solid was 
collected after 2 days’ storage at 0° (filtrate A), successively extracted with 4n-hydrochloric acid 
(40, 30, 20, and 10 ml.) at 40—50° (combined filtered-off extracts: B), washed with water, and 
dried. The residue (1-85 g.) was dissolved in boiling ethanol—acetone—benzene (20, 50, and 
10 ml. respectively), and the filtered liquid boiled to half volume. The product which separated 
on cooling consisted of prisms of 5-anilino-3-toluene-p-sulphonamido-1 : 2 : 4-thiadiazole, m. p. 
and mixed m. p. 255—256° (0-14 g., 4%). Spontaneous evaporation of the filtrate therefrom 
gave prisms (m. p. 206—208°; 1-18 g., 35%), which consisted, after crystallisation from 
ethanol-acetone, of N-phenyl-N’-(toluene-p-sulphonamidino)urea, m. p. and mixed m. p. 
212—214° (Found: C, 54-2; H,4-9%). Filtrate A, after vacuum-evaporation to small volume, 


14 Haag, Annalen, 1862, 122, 25. 
18 Grossmann and Schiick, Ber., 1906, 39, 3357. 
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basification and ether-extraction, afforded aniline, which was isolated as the benzoyl derivative, 
m. p. and mixed m. p. 161—162° (0-55 g., 28%). Slow basification of the combined extracts B 
with sodium hydroxide pellets gave a crystalline precipitate (0-97 g., 42%) of toluene-p- 
sulphonylguanidine hydrate, m. p. and mixed m. p. 203—205° (from ethanol). 

(b) Oxidation of the reactant as above, but in the presence of an equivalent of hydrochloric 
acid (0-01 mole), gave the same products in roughly comparable proportions, except that the 
yield of the thiadiazole fraction was raised to 18%. 

Oxidation of N-(Toluene-p-sulphonamidino)thiourea with Hydrogen Peroxide.—(a) The 
reactant (0-01 mole) was oxidised as described in the foregoing paragraphs (method a). 
Exhaustive extraction of the crude product (2-2 g.) with warm 4Nn-hydrochloric acid gave 
toluene-p-sulphonylguanidine (crystallised hydrate, isolated as before; 1-29 g., 56%) (Found : 
C, 41-6; H, 5-8; N, 18-3. Calc. forC,H,,0O,.N,;S,H,O: 41-6; H, 5-6; N,18-2%). The acid- 
insoluble residue was dissolved in warm 2N-sodium hydroxide, and a small insoluble residue 
(0-12 g.) removed by filtration. The product (0-65 g.), reprecipitated by mineral acid, was 
next extracted with boiling ethanol—acetone (1:1, 10 ml.); the solution contained 5-amino- 
3-toluene-p-sulphonamido-1 : 2 : 4-thiadiazole (0-16 g., 6%), m. p. 227°. The residue (0-41 g., 
16%) was N-(toluene-p-sulphonamidino)urea, m. p. and mixed m. p.* 238—241° (from ethanol) 
(Found : C, 42-4; H, 4-5. Calc. for Cg,H,,O,;N,S: C, 42-2; H, 4-7%). 

(b) Oxidation of the reactant (0-01 mole) as above, but in the presence of concentrated 
hydrochloric acid (1 ml., 0-01 mole), gave, by the same procedure : toluene-p-sulphonylguanidine 
hydrate (0-80 g., 35%); toluene-p-sulphonamidinourea (0-52 g., 20%), and 5-amino-3-toluene- 
p-sulphonamido-1 : 2: 4-thiadiazole (0-32 g., 12%). Only traces of carbon dioxide were 
evolved during these oxidations (cf. ref. 1). 
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585. The Kinetics and Mechanisms of Aromatic Halogen Substitution. 
Part V.* Partial Rate Factors for the Acid- aeeene Bromination 
of Diphenyl by Hypobromous Acid. 

By P. B. D. DE LA Mare and M. Hassan. 


The proportions of isomers produced in the acid-catalysed bromination of 
diphenyl by hypobromous acid in 50% aqueous dioxan have been determined, 
by the method of isotopic dilution, as: 2-, 56-8%; 3-, 15%; 4-, 41-:7%. 
Under the same conditions, the kinetic form for the bromination is: 
—d[BrOH]/d¢ = &[ArH][BrOH][H*}]. Diphenyl reacts 12-6 times faster 
than benzene. The positions ortho and para to a phenyl substituent are, 
therefore, activated, and that meta to a phenyl substituent is deactivated for 
this electrophilic substitution. Some of the theoretical implications of these 
results are discussed. 


NoT many quantitative studies are available of the proportions of isomers formed in the 
substitution reactions of diphenyl. Jenkins, McCullough, and Booth ! record the isolation, 
on nitration of diphenyl by mixtures of nitric acid and sulphuric acid, of 71% of 2- and 
11% of 4-nitrodiphenyl; and on its chlorination, with iron as catalyst, of 329% of 2- and 
26% of 4-chlorodiphenyl. Dewar, Mole, Urch, and Warford,” for nitration in acetic 
anhydride, record the isolation of a mixture of nitrodiphenyls containing 77% of 2- and 
23% of 4-nitrodiphenyl. No observations have been made relating to the amount of 
3-substitution with electrophilic reagents, though Cadogan, Hey, and Williams * measured 
partial rate factors for a homolytic process, phenylation. 


* Part IV, J., 1957, 923. 

1 Jenkins, McCullough, and Booth, Ind. Eng. Chem., 1930, 22, 31. 
* Dewar, Mole, Urch, and Warford, J., 1956, 3572. 

* Cadogan, Hey, and Williams, J., 1954, 794. 
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Similarly, the overall reactivity of diphenyl relative to benzene has been recorded only 
for nitration in acetic anhydride * (Raipheny:/Rpenzene = 16: 1) and for chlorination in acetic 
acid 5 (Raipnenyi/ benzene = ca. 10%). 

Details of the reactivities and isomer-distributions for substitutions in diphenyl by 
reagents of known character are of some theoretical interest, since the phenyl group, with 
its (—I, +7) effect, is one of those substituents which can either withdraw electrons from, 
or supply them to, the aromatic nucleus. Which of these effects will predominate in a 
particular situation will depend, inter alia, on the nature of the reaction, the character of 
the reagent, and the position in the nucleus from which the effect of the substituent is 
operating. Thus, when attempts are made to classify the phenyl group in terms of 
Hammett’s (c, p) relation,* it is found * * that no single value of, or sign for, the substituent 
(s) constant successfully describes the electronic character of the group when acting from 
the para-position. It is possible that a value of reasonable general applicability is now 
available for the meta-position.® 1° 

Further interest in the substitution reactions involving diphenyl arises because 
reactivities of the various positions in the nucleus can be calculated. Calculations of the 
free-valence number !! and of the atom localisation energy ™ indicate qualitatively that 
the ortho- and para-positions should be activated, and the meta-position slightly deactivated. 
Theoretically, this type of calculation should be more appropriate in describing homolytic 
substitution, whereas calculations based on Wheland’s model for electrophilic aromatic 
substitution ™ should be more appropriate to the cases with which this paper is concerned. 
For this model, Dewar ™ states that, in the meta-position, the phenyl group should have no 
effect on the rate of electrophilic substitution. 

In the present investigation, the bromination of diphenyl by hypobromous acid has 
been studied in aqueous dioxan with perchloric acid as catalyst. Under these conditions, 
the electrophilic reagent is a positive ion, either Br* or BrOH,*. For substitutions by 
this reagent, both the inductive and the electromeric effect of substituents seem to play a 
part in determining the reactivities.1® 


EXPERIMENTAL 


Materials and Methods.—General methods, including methods of radioactive assay, have 
been described in-previous papers.15 ®*Br, was prepared by shaking NH,®*Br (7 g.) with water 
(5 ml.) and bromine (5 ml.). The bromine and water were distilled from this mixture under 
reduced pressure, and were used directly for the preparation of labelled hypobromous acid. 
After recrystallisation, diphenyl had m. p. 70-0°, and 4-bromodiphenyl had m. p. 89-5°. 

2-Bromodiphenyl was prepared as described by Augood, Cadogan, Hey, and Williams,?* 
and was recrystallised from pentane at —40°; it had b. p. 148°/10 mm., f. p. 1-5—2-0°, n? 
1-6248. 3-Bromodiphenyl was prepared by the following route.*!’ 2-Acetamidodipheny], 
m. p. 118°, was brominated with one molecular equivalent of bromine in acetic acid, and the 
monobromo-derivative was hydrolysed; it gave 2-amino-5-bromodiphenyl, m. p. 53—56°. 


z 


This was diazotised, and the diazonium salt was deaminated by hypophosphorous acid, as 
described by Kornblum.!* The crude product was dissolved in benzene and was passed through 


Dewar, Mole, and Warford, /J., 1956, 3576. 

de la Mare, J., 1954, 4450; Dewar and Mole, J., 1957, 342. 

Hammett, J. Amer. Chem. Soc., 1937, 59, 96; Trans. Faraday Soc., 1938, 34, 156. 

Berliner and Liu, J. Amer. Chem. Soc., 1953, 75, 2417. 

Jaffe, Chem. Rev., 1953, 58, 191. 

Lichtin and Leftin, J]. Amer. Chem. Soc., 1952, 74, 4207. 

10 Gould and McCullough, ibid., 1951, 78, 1109. 

11 Burkitt, Coulson, and Longuet-Higgins, Trans. Faraday Soc., 1951, 47, 553. 

12 Seel, Z. Elektrochem., 1948, 52, 191; Z. Naturforsch., 1948, $a, 35. 

13 Wheland, J. Amer. Chem. Soc., 1942, 64, 900. 

14 Dewar, J., 1952, 3544. 

18 de la Mare and Harvey, J., 1956, 36; 1957, 131. 

16 Augood, Cadogan, Hey, and Williams, J., 1953, 3412. 

17 Huber, Renoll, Rossow, and Mowry, J. Amer. Chem. Soc., 1946, 68, 1111. 

18 Kornblum, in ‘‘ Organic Reactions,” John Wiley and Sons, New York, Vol. II, 1944, p. 294. 
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a column of alumina, from which the product was then eluted with benzene. The combined 
benzene solutions were fractionally distilled at reduced pressure; there was recovered slightly 
impure 3-bromodiphenyl. This was dissolved in light petroleum (b. p. 40—60°) and was washed 
several times with concentrated sulphuric acid, then successively with water, aqueous sodium 
hydrogen carbonate, and water again. The solution was dried and fractionally distilled. 
The colourless product had b. p. 103°/0-2 mm., n} 1-6380. 

Nitration of 3-bromodiphenyl was carried out as follows. To 3-bromodiphenyl (4 g.) were 
added concentrated sulphuric acid (16 ml.) and, dropwise, fuming nitric acid (16 ml.). The 
mixture was heated at the b. p. for 45 min., then poured on ice. The precipitate was filtered off, 
and, after being washed with water, was dissolved in benzene. This solution was passed 
through a column of alumina. The material eluted with benzene was recovered by evaporation 
of the solvent, crude 5-bromo-2: 2’: 4: 4’-tetranitrodiphenyl separating as a pasty solid. 
Repeated crystallisation from acetone—alcohol gave yellow crystals of constant m. p. 160—161° 
(Found : C, 35-0; H, 1-5; N, 13-6. Calc. for C,,H,O,N,Br: C, 34-9; H, 1-2; N, 13-7%). 

Kinetics of Bromination of Diphenyl._—All results refer to a temperature of 25°, and to 
1: 1 v/v aqueous dioxan as solvent. The following is an example of a typical kinetic run, for 
diphenyl (0-0079m), perchloric acid (0-00303mM), and hypobromous acid (0-00202m). Samples 
(25 ml.) were removed at intervals for titration with sodium thiosulphate (0-0041N). A control, 
with diphenyl omitted, was used to correct for the slight decomposition of hypobromous acid 
in the solvent. 





Reaction Control 
ee on ——" 7 = tr —_———$—_—_—_—___—_—-*— era en, 
‘Time (min.) Titre (ml.) 1072, (min.~*) Time (min.) Titre (ml.) 10°, (min.~') 

0-0 22-30 -- 0-0 22-30 _ 

5-41 21-10 1-11 5-25 22-20 0-085 
10-75 19-90 1-06 10-08 22-20 0-042 
14-91 19-10 1-02 14-75 22-20 0-031 
19-30 18-50 0-97 19-48 22-20 0-021 
25-30 17-50 0-96 31-45 22-00 0-043 


Methods of calculation have been described before.!5 Values of &, are first-order rate- 
coefficients calculated on the disappearance of hypobromous acid. The values of k, given below 
are initial second-order rate-coefficients, corrected for decomposition in the control experiments. 
They show the effects of varying the concentrations of the reactants. 


(i) HCIO,, 0-0243m; BrOH, ca. 0-0015M. 
0 aa 00101  0-0157 
hk, (1. mole! min.) .........++. 11-5 11-4 
(ii) HC1O,, 0-0030M; diphenyl, 0-008m. 
| ae a 0-00103 0-00180 0-00202 
Re (1. mole™* min.~*)  ..ccocccceee 1-43 1-40 1-38 


(iii) Diphenyl, 0-008—0-014m; BrOH, 0-001—0-002M. 


ee 0-00303 0-00972 0-0125 0-0254 0-0486 0-0729 
hk, (1. mole? min.-!) .......0005 1-40 4:37 5-29 11-54 22-56 30-8 
k,/(H*} (1.2 mole? min.-!) ... 462 461 435 469 464 416 


The results show that, at 25° in 50% dioxan, the kinetic form of the reaction is in accordance 
with the equation —d[BrOH]/d¢ = &[ArH][BrOH][H*]; the mean value of & is, for diphenyl, 
451 1.2 mole? min.-!; the corresponding value for benzene }° is 35-9 1.2 mole min.~}. 

Proportions of Isomers formed in the Bromination of Diphenyl.—para-Substitution. Diphenyl 
(0-0165m), **BrOH (0-0025m), and perchloric acid (0-243m), all in 50% dioxan, were allowed to 
react until, as found by titration of an aliquot part, enough hypobromous acid had disappeared 
to form 0-897 g. of mixed bromodiphenyls, in 1950 ml. of reaction mixture, allowance being 
made for the small decomposition in a control experiment. To the reaction mixture was added 
inactive 4-bromodiphenyl (8-822 g.). The bromodiphenyls and unchanged starting material 
were recovered by extraction with ether, and were oxidised in the following way.’® Toa 
stirred solution of the diphenyls (5 g.) in hot 75% acetic acid was added dropwise a mixture of 


4° Case, J. Amer. Chem. Soc., 1939, 61, 3487. 
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chromic oxide (52 g.), water (30 ml.), and acetic acid (18 ml.). The mixture was refluxed for 
2hr. Excess of acetaldehyde was then added, and the mixture was heated under reflux for a 
further 15 min. To the cooled mixture was then added a saturated solution of sodium chloride 
(150 ml.). The organic material was thence recovered by extraction with ether. After evapor- 
ation of the ether, the residue was made alkaline with ammonia and filtered. The filtrate was 
acidified, and the precipitated mixture of acids was recrystallised from water several times. 
There was obtained p-bromobenzoic acid, m. p. 252°, of activity 178 counts per min. (0-0605m, 
dissolved in dilute alkali), unchanged by further recrystallisation. At the time relevant for 
comparison, the original hypobromous acid (0-00620m) had an activity of 448 counts per min. 
Hence 0-374 g. (41-7%) of 4-bromodipheny] had been produced in the reaction. 

ortho-Substitution. A similar method was used. The recovered o-bromobenzoic acid had 
m. p. 150°, and the specific activity, constant after several recrystallisations, corresponded with 
the formation of 56-8% of 2-bromodiphenyl. 

meta-Substitution. Very poor yields of pure m-bromobenzoic acid were obtained by oxid- 
ation of 3-bromodiphenyl. Hence it was found more satisfactory to make radioactive measure- 
ments on the tetranitro-derivative of the latter compound. The reactants contained diphenyl 
(0-01685m), hypobromous acid (0-0040Mm), and perchloric acid (0-3037M). The uptake of hypo- 
bromous acid corresponded with the formation of 1-655 g. of mixed bromodiphenyls for 1925 ml. 
of reaction mixture. To this was added inactive 3-bromodiphenyl (15-36 g.), and from the 
diluted mixture was recovered crude 3-bromodiphenyl, b. p. 102—104°/0-2 mm. (12 g.). This 
material (8 g.) was nitrated as described above. The tetranitro-derivative, m. p. 160—161°, 
was recrystallised from acetone—alcohol. Successive recrystallisations gave materials of the 
following activities, expressed in counts per min. for a 0-0129m-solution in acetone: 212, 193, 
183. To the final fraction (2 g.) was added 0-2 g. of the material obtained by nitrating, under 
the experimental conditions used for the 3-isomer, a mixture of inactive 2- and 4-bromodiphenyl. 
The tetranitro-derivative, m. p. 160—161°, was then again recovered from this mixture; it 
should by this procedure have been freed from any traces of highly active nitro-derivatives of 
2- and 4-bromodiphenyl. Successive fractions now had specific activites, expressed in the 
same units as before, of 168, 162, and 159 counts per min., and it was considered that the final 
value gave the limiting specific activity within experimental error. Comparison with the 
corresponding value for the original hypobromous acid (468 counts per min., 0-0000606m) 
showed that 1-5% of 3-bromodiphenyl had been produced in the reaction. 

Kinetics of Bromination of 2- and 4-Bromodiphenyl.—These have been investigated only in 
the barest outline. The rate-coefficients (k,/[H*]; units: 1.2 mole min.) were: 2-, 160; 
4-,98. The kinetic forms were not studied in detail, but the reactions are both slower than the 
corresponding bromination of diphenyl. This confirms the finding that, in the latter reaction, 
under the experimental conditions adopted, dibromination is unlikely to be important. 


DISCUSSION 


The values given above for ortho-, meta-, and para-substitution are entirely independent, 
and, fortuitously, together account for all of the disappearance of hypobromous acid. 
It is thought that the values given for ortho- (56-8%) and para-substitution (41-7%) are 
reliable to within about 0-5 unit %, and that for meta-substitution (1-5%%) within about 
0-1 unit %. 

The kinetic form for the reaction is the same as that which has been observed for 
bromination of other aromatic compounds in the same medium, and indicates clearly that 
the effective brominating species is a positive entity, either Brt or BrOH,*. The above 
isomeric proportions, and the observed rate-ratio, Raiphenyi/Rbenzene = 12-6, determine the 
partial rate factors in the formule. Values are given also for nitration, as far as they are 
known, using the rate-ratio, Raipheny:/Rpenzene = 16-1, recorded by Dewar, Mole, and 
Warford,‘ and the proportions? of ortho- (77%) and para-isomers (23%) produced in the 
reaction.* For comparison are given also the values which have been recorded for the 
similar reactions of toluene.15 

* The latter values do not accord with those calculated, using the same experimental data, by 
Dewar, Mole, and Warford.?° 
20 Dewar, Mole, and Warford, J., 1956, 3581. 
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The present experiments show that the meta-position in dipheny] is, for bromination by 
a positive entity, deactivated by a small factor. Whether or not the same is true 
of nitration is not known, though this would be expected, since in both these reactions 
the electron-withdrawing (—J) inductive effect of the phenyl substituent should be of 


86 8H 


Br* or BrOH,* Br* or BrOH, 


considerable importance. It is of interest to compare the effects of substituents on the 
rate of this type of bromination with the corresponding effects (cf. ref. 8) on the strengths 
of meta-substituted benzoic acids, as shown below : 


Substituent group (R) But Me H Ph 
Bromination of PhR by Br* or BrOH,* ; logy fin™ «.-.-..eseeeeeees 0-41 0-40 0 —0-55 
Relative acid strengths * of m-R°-C,HyCO,H; log,, Kre/Ku ...... —0-:12 —0-07 0 0-66 


* Otherwise Hammett’s substituent (¢,,) constants. Positive values show electron-withdrawal. 


The spread of rates (expressed as logarithms of partial rate factors, log,)/*, so that the 
values are proportional to the changes in free energy of activation) is rather greater than 
that of strengths of acids, emphasising that aromatic substitution, even in the meta- 
position, is somewhat sensitive to the effects of substituents. The fact that, as measured 
by the rate of meta-bromination of diphenyl, the phenyl substituent has a marked power of 
electron-withdrawal from the meta-position—greater in magnitude, for example, than the 
electron-releasing power of meta-alkyl groups—accords with the opinion expressed else- 
where }* that the inductive effect has a considerable influence in reactions involving 
electrophilic reagents which bear a full positive charge. 

Consider now para-substitution: the phenyl group, as would be expected, is 
electron-releasing in character, thereby showing its power of conjugative (+E) electron- 
release at the demand of an electrophilic reagent. In some reactions which are facilitated 
by electron-release, the phenyl group is more effective than a single methyl group.*4_ The 
phenyl group is, however, notoriously variable in its power of releasing electrons as 
measured by its influence compared with that of other substituents,’ and it is not surprising 
that in this reaction, where inductive effects seem also to be rather important, the methyl 
group should have a greater activating power for the para-position by a factor of four 
or more. 

Comparison of the partial rate factors for para-bromination with the strengths of the 
related benzoic acids shows, however, that, for the limited range of groups which have so 
far been examined, the structural effects in the two series are not closely related, the phenyl 
group being much less powerfully electron-releasing when its effect is measured with 
reference to the latter series. This is shown by the following data : 


Substituent group (R) But Me Ph H 
Bromination of PhR by Br* or BrOH,* : logy fp® ........cesceeeees 1-57 1-7 1-19 0 
Relative acid strengths of p-R-C,H,°CO,H; log,, Kr/Ky ......... —0-20 -0-17 —0-01 0 


The $0 : p-ratios in bromination by positive bromine (0-68) and in nitration (1-7) show 
features of considerable interest. The ortho-position is, in the first reaction, less activated 


21 de la Mare, Quart. Rev., 1949, 3, 126; Vernon, J., 1954, 423. 
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than the para-position. This type of orientation has been discussed by R. D. Brown.” 
He showed that molecular-orbital calculations of the reactivities of these positions indicate 
that the ortho-position should, in compounds of this type, be the more reactive, and he 
ascribed low 30: p-ratios in electrophilic substitution in diphenyl to steric hindrance of 
ortho-substitution. 

In previous papers,!® it has been shown that, for bromination by positive bromine, 
steric hindrance ortho to substituent groups is demonstrable for the ¢ert.-butyl group, but 
is probably small, though not necessarily absent, for the methyl group. The phenyl 
group might well be intermediate in effective size between these two substituents, so that 
it would not be unreasonable on this basis alone to hold that steric hindrance had, for 
bromination, reduced the 40: -ratio from slightly greater than 1 (as required, if 
R. D. Brown’s view be adopted) to 0-68. 

If this were correct, however, the effect of steric hindrance should be even more marked 
in nitration. For it has been shown } for the crucial examples of toluene and ¢ert.-butyl- 
benzene that }o : -ratios are characteristically smaller for nitration than for bromination by 
positive bromine; and the differences, both qualitatively and quantitatively, fit the view 
that the entering nitro-group has, because of its triangular shape, a greater effective radius 
in the direction of the substituent ortho to its position of entry than has the more nearly 
spherical entering bromine atom.* 

For the nitration of diphenyl, however, the }o : p-ratio (1-7) is very high. There seems 
to be little doubt that such a high value is satisfactorily experimentally established,t 
and is determined by a heterolytic process, since it has been confirmed by two groups of 
workers using widely different nitrating media.? Since this difference between nitration 
and bromination by positive bromine is in the direction opposite to that expected if primary 
steric hindrance were the determining factor, an alternative explanation is required. 

Dipheny] itself, in the gas phase 25 and presumably also in solution,” is non-planar, 
having an angle of ca. 45° between the planes of the benzene rings. This angle is almost 
certainly maintained by van der Waals forces between the ortho-hydrogen atoms. These 
forces become appreciable in the planar state, in which, for a rigid model, the distances 
between the 2- and the 2’-hydrogen atom are about 1-85 A; and they are relieved by 
rotation of the benzenerings. The energy difference between the planar and the non-planar 
form cannot, however, be large, since the molecule is planar in the crystal.” Conjugation 
between the two rings, at a maximum for the planar configuration, must play a part in 
reducing the barrier restricting rotation about the inter-nuclear bond. 

The electron-releasing properties of the phenyl group are at a maximum for the fully 
conjugated planar conformation. It is suggested that in the transition state for ortho- 
substitution the entering group forces the adjacent ring towards the coplanar conform- 
ation ; for nitration, rearrangement (I), indicated in perspective in Fig. 1,is favoured. Inthis, 
an ortho-hydrogen atom of the directing ring is held between the entering nitro-group and 
the departing hydrogen substituent. The electronic activation of the aromatic nucleus is 
thereby kept at, or near, its maximum. The arrangement in which the two ring-planes 
are at right angles might be slightly preferable if steric factors alone were to be considered ; 
but, electronically, diphenyl in this conformation would be deactivated for electrophilic 
substitution. 

The $0 : p-ratio is, therefore, higher than it would be for nitration, were it not for the 


* Thus steric hindrance is significant for nitration ortho to a methyl group. In this respect, the 
authors disagree with the conclusions implicit in the treatment given by H. C. Brown and Smoot.*% 

+ An earlier report,*4 which sometimes has been taken as showing that para-nitration predominates, 
would probably not have been considered by the experimenters as a demonstration of a low 40 : p-ratio. 


#2 R. D. Brown, J. Amer. Chem. Soc., 1953, 75, 4077. 

23 H.C. Brown and Smoot, ibid., 1956, 78, 6255. 

4 Bell, Kenyon, and Robinson, /J., 1926, 1239. 

25 Bastiansen, Acta Chem. Scand., 1949, 3, 408; 1950, 4, 926. 
26 Merkel and Wiegand, Z. Naturforsch., 1948, 3b, 93. 

27 Dhar, Indian J. Phys., 1932, 7, 43. 
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fact that the entering and leaving groups hold the directing substituent in a conformation 
particularly favourable for electronic activation of the nucleus.* This effect must operate 
also, though apparently to a smaller degree, for bromination (II; Fig. 2); here also the 
40 : p-ratio is probably higher than would otherwise have been expected. 


Fic. 2. 


Fic. 1. 


Rotation of the activating phenyl group about the inter-nuclear bond towards the 
position in which the ortho- and the leaving hydrogen substituent are at their closest 
(about 2-07 A apart, assuming a rigid model with normal C-H bond-lengths) would 
introduce, in any transition state analogous to (I) or (II), approximately the same amount 


0.9 


N Br 
HN. H P* 


(I) (II) 


of steric hindrance, so to a first approximation one might have expected any electrophilic 
displacement of hydrogen from diphenyl to show a $0 : f-ratio which was abnormally high 
to approximately the same extent. It is possible that the observed differences between 
bromination and nitration are the results of differences in entropy, rather than in energy 
of activation, the attainment of a favourable conformation being made more probable in 
the latter ortho-substitution by the shape of the entering nitro-group. It is possible 
alternatively that electrostatic forces between the entering nitro-group and the directing 
ring may be more favourable than the corresponding interactions involving entering 
bromine. Again, it is possible that there is a different degree of weakening of the C-H bond 
which eventually is to be displaced [so that formule (I) and (II) do not satisfactorily 
represent the rate-controlling transition state]. If in bromination the C-H bond were 
even less displaced than in nitration, the planar structure would be less favoured for the 
transition state of the former reaction. Considerations of these types have been discussed, 
more particularly for nucleophilic aromatic displacements, by various workers.?®: 9 

These considerations do not support, but also do not definitely exclude, R. D. Brown’s 
contention ** that the ortho-position in diphenyl may, by conjugation, be more activated 
than the para-position, since, on the view developed above that the inductive effect is also 
of importance in determining reactivity in these compounds, the ortho-position would in this 


* The idea that increase in resonance energy on going to the transition state may be greater in an 
ortho-displacement if the activating substituent is constrained in the transition state between the entering 
and the leaving group has been expressed by other workers, e.g., by Hammond,?* for nucleophilic sub- 
stitutions ortho to an activating nitro-group. 


#8 Hammond, in “ Steric Effects in Organic Chemistry,’’ ed. Newman,.Chapman and Hall, London, 
1956, p. 187. 

#® Bunnett and Morath, J. Amer. Chem. Soc., 1955, 77, 5051; Chapman, Parker, and Soanes, /., 
1954, 2109; Corey and Sauers, J. Amer. Chem. Soc., 1957, 79, 248. 
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reaction be specifically and preferentially deactivated by the overall inductive effect of the 
phenyl substituent. The orientational characteristics for molecular chlorination may 
throw light on this point, since in this reaction it seems, from the incomplete data already 
in the literature,® that the conjugative effect of the phenyl substituent is greater than the 
corresponding effect of the methyl group. 


Analyses are partly by Mr. A. V. Winter of this Department, and partly by Miss J. Cuckney 
and the staff of the Microanalytical Laboratories of the Imperial College. We are indebted to 
Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., for their interest in this work, and 
to Mr. B. A. R. Carter (Slade School of Fine Art) for help with the perspective drawings. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, UNIVERSITY COLLEGE, 
GOWER STREET, LoNnpon, W.C.1. [Received, February 26th, 1957.] 





586. A New Synthesis of 1-Alkylfluorenes. 
By F. H. Hower and D. A. H. Tay_or. 


A new preparation of 8-3-indenylpropionic acid is described. Some of its 
reactions have been investigated with a view to the synthesis of fluorene 
derivatives, and a new synthesis of l-alkylfluorenes is described. 


8-3-(or -1-) INDENYLPROPIONIC ACID, m. p. 120—121°, has been prepared by Clemo, Groves, 
Munday, and Swan ! from 2-indenylethanol and in other ways, always in poor yield. We 
have improved the preparation of the alcohol, by using indenyl-lithium in place of the 
Grignard derivative, but we were unable to convert the alcohol into the bromide in even 
the modest yield reported by Clemo and his colleagues. A §-indenylpropionic acid, m. p. 
159—160°, has also been obtained in 14% yield by Cromwell and Capps ? by the interaction 
of indenyl-lithium and 8-bromopropionic acid. We have obtafhed the acid, m. p. 120—121°, 
in good yield as its ethyl ester by addition of ethyl acrylate to indene. Use of acrylonitrile 
gave a lower yield of the nitrile. The structure of this acid remains uncertain; on the 
basis of its reactions we consider that it is probably $-3-indenylpropionic acid, while the 
acid of Cromwell and Capps may be 8-1l-indenylpropionic acid, or possibly a polymorphic 
modification. 

It was intended to convert this acid into 8-(2-oxo-l-indanyl)propionic acid by methods 
similar to those used in the preparation of indan-2-one. _-3-Indenylpropionic acid was 
oxidised by performic acid to a lactone C,,H,,0O, to which we assign structure (I). It 
shows an absorption maximum at 1757 cm.“ which we attribute tc a six-membered ring. 
We interpret this reaction as consisting of the epoxidation of the double bond followed 
by opening of the epoxide ring to give a lactone. 





Attempts to dehydrate this lactone have proved unsuccessful. The addition of bromine 
to ethyl 8-3-indenylpropionate emulsified in water* gave a mixture of two isomeric 
lactones, A and B, C,.H,,0,Br, which have respectively absorption at 1770 and 1757 cm.~. 
This suggests that lactone A contains a five-membered ring and is produced by normal 

1 Clemo, Groves, Munday, and Swan, /J., 1951, 863. 


2? Cromwell and Capps, J. Amer. Chem. Soc., 1952, 74, 4448. 
3 Levin, Graham, and Kolloff, J]. Org. Chem., 1944, 9, 384. 
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addition of hypobromous acid to the double bond to give ethyl 8$-(2-bromo-1-hydroxy-1- 
indanylpropionate, which is then hydrolysed and lactonised to substance (II). Produc- 
tion of a five-membered lactone ring from @-l-indenylpropionic acid would not be easily 
possible. 

Lactone B, containing a six-membered ring, is produced by initial hydrolysis to the 
acid which adds bromonium ion and is then lactonised directly to compound (III). 
Addition of bromine to the free acid was unsatisfactory, probably because of the difficulty 
of emulsifying it in water. Neither lactone proved of use for further work; lactone A 
with alkali gave a resin, while lactone B gave a mixture of compound (I) and a smaller 
amount of an unidentified substance. As the production of (I) in this way involves 
hydrolysis with retention of configuration, the epoxide may be an intermediate. 

It seemed possible that the same method might be used to add a third ring as we 4 
have recently done in the naphthalene series. Indene itself is polymerised under Friedel- 
Craft conditions, but ethyl @-3-indenylpropionate is much more stable, and gave the 
2-acetyl derivative in 60% yield. 

y-3-Indenylbutyronitrile (IV) was then prepared by reduction of ethyl §-3-indenyl- 
propionate with lithium aluminium hydride followed by reaction with phosphorus tri- 
bromide and sodium cyanide. Attempted hydrolysis of this nitrile with ethanolic sulphuric 
acid gave a ketone (V) which with dinitrophenylhydrazine gave the dinitrophenylhydrazone 
of the corresponding unsaturated ketone (VI). 

This prompted investigation of a Hoesch type cyclisation of the nitrile, and on treatment 
with hydrogen chloride and zinc chloride in ether the unsaturated ketone (VI) was obtained 
in good yield. Ethanol could not be added to this ketone in the presence of hydrogen 
chloride. y-3-Indenylbutyronitrile was hydrolysed with aqueous alkali, and the acid was 
cyclised to the ketone (VI) by treatment with phosphorus pentachloride. The structure 
of ketone (VI) as 1: 2:3: 4-tetrahydrofluoren-l-one was confirmed by reaction with 
methylmagnesium bromide and dehydrogenation, which gave l-methylfiuorene (VII). 
This is probably the simplest synthesis of this compound, but the method does not permit 
introduction of a second substituent. 


Oo - © — 


[CH2],-CO,R (IV) [CH2],-CN 


(VIII) | = 





al 
ve Oy 
S~ Ac 
[cH,],-CO,R ” “ 
(IX) (VI) 





Ethyl y-3-indenylbutyrate was acetylated smoothly with acetyl chloride and aluminium 
chloride in nitrobenzene to yield ethyl y-(2-acetyl-3-indenyl)butyrate (IX; R = Et). 
This ester was very unstable to alkali, but could be hydrolysed with dilute aqueous acid. 
The acid chloride reacted with dimethylcadmium to yield a resin, which with sodium ethoxide 
gave a small amount of 2-acetyl-l-methylfluorene (X). The low yield is not surprising, 
in view of the instability of all these 2-acetylindenes to alkali. “None of the fluorene was 


* Howell and Taylor, J., 1956, 4252. 
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obtained after acid cyclisation. It is interesting that this reaction gave the fluorene and 
not its dihydro-derivative (cf. Hiickel and Schwen).® 

Application of this type of synthesis to Ar-substituted indenes is difficult, because of 
the ambiguity between positions 1 and 3, but if use could be made of the readily-accessible 
indan-l-ones to prepare y-3-indenylbutyric acid a useful method would be available. We 
have prepared 4-methylindan-l-one ® but in parallel with the results of Clemo e¢ al.} find 
that the Stobbe reaction gives only a very small yield. Other ketonic condensations were 
equally unsuccessful. 

The Friedel-Crafts acetylation of y-3-indenylbutyronitrile was successful, but the 
Hoesch reaction between acetonitrile and ethyl $-3-indenylpropionate gave unchanged 
material. 

An attempt to prepare 4-3’-indenylbutan-2-one from dimethylcadmium and the 
appropriate acid chloride was unsuccessful; only the cyclic ketone | : 2 : 3 : 8-tetrahydro-1- 
oxocyclopent[ajindene ! was obtained. 


EXPERIMENTAL 


2-Indenylethanol.—To butyl-lithium, prepared from lithium (10-0 g.) and butyl bromide 
(117 g.) in ether (500 ml.), indene (58 g.) was added with stirring under nitrogen at —10°. 
After 1 hr. ethylene oxide (44 g.) was added at —30° during} hr. Thesolution was washed with 
acid and water at room temperature, and distilled. 2-Indenylethanol (47-7 g., 60%), ni? 1-5604, 
was collected at 166°/14 mm. (Found: C, 82-15; H, 7-7. Cale. for C,,H,,O: C, 82-5; 
H, 7-55%). 

Ethyl 8-3-Indenylpropionate—Ethyl acrylate (40 ml.) was added to a boiling solution of 
sodium methoxide (1 g.) [from sodium and methanol (5 ml.)] and indene (120 ml.) during 15 min. 
The solution was refluxed for a further 46 min. and then distilled under reduced pressure. After 
a fore-run of unchanged indene, ethyl 8-3-indenylpropionate (40-6 g., 47%, based on ethyl 
acrylate) was collected at 140°/0-05 mm. as a pale yellow oil, n 1-5411. 

Hydrolysis with aqueous sodium hydroxide gave the acid (94%), m. p. 124—126° (Found : 
C, 76-4; H, 6-3. Calc. for C;,H,,0O,: C, 76-6; H, 6.4%). Clemo e al. give m. p. 121—122°. 

8-3-Indenylpropionitrile-—This was prepared (13% yield) as described for the ethyl ester, 
except that it was necessary to acidify before distillation. §-3-Indenylpropionitrile had b. p. 
123°/0-1 mm., n? 1-5703 (Found: C, 85-3; H, 6-3; H, 8-3. Calc. for C,,H,,N: C, 85-2; 
H, 6-5; N, 8-3%). Alkaline hydrolysis gave the acid, m. p. 126°. 

B-(1 : 2-Dihydroxy-1-indanyl)propionic 2-lactone (I).—8-3-Indenylpropionic acid (1-0 g.) in 
chloroform (30 ml.) was added to hydrogen peroxide (30%; 30 ml.) and formic acid (10 ml.), 
and the mixture stirred for 12 hr. The organic layer was washed with water and evaporated ; 
the residue gave §-(1 : 2-dihydroxy-1-indanyl)propionic 2-lactone (0-5 g. 46%) as needles, m. p. 
122—-124° (from benzene) (Found: C, 70-4; H, 6-1. C,,H,,O, requires C, 70-6; H, 5-9%), 
Ymax. (in nujol) 1757 cm.-1._ The lactone dissolves in alkali and is reprecipitated by acid. Per- 
phthalic acid is without effect on the indenylpropionic acid. 

Addition of Bromine to Ethyl B-3-Indenyipropionate.—Ethyl {-3-indenylpropionate (5-0 g.) 
in water (100 ml.) was stirred vigorously with ‘‘ Teepol”’ (5 ml.) at 70°, while a slight excess of 
a saturated solution of bromine in aqueous sodium bromide was added. On cooling, an oil 
separated and was extracted with benzene. The extracted material gave lactone A, 8-(2- 
bromo-1-hydroxy-1-indanyl)propiolactone (II) (1-7 g.), as prisms, m. p 99° (from ethanol) 
(Found: C, 53-7; H, 4:3. C,.H,,O,Br requires C, 53-8; H, 4:1%), vmax, (in nujol) 1770 cm.". 
The material insoluble in benzene gave lactone B, 6-(1-bromo-2-hydroxy-1-indanyl) propionic 
2-lactone (III), (1:2 g.) as needles, m. p. 148° (from ethanol) (Found: C, 53-9; H, 4-2. 
C,,H,,0,Br requires C, 53-8; H, 4:1%). vmax, (in nujol) 1757 cm.". 

Hydrolysis of Lactone B.—Lactone B was soluble in boiling aqueous potassium hydroxide; 
acidification and fractional crystallisation from benzene gave the hydroxy-lactone (I) m. p. 
and mixed m. p. 124°, and another substance, m. p. 100° (Found: C, 70-7; H, 5-9. C,.H,,O, 
requires C, 70-6; H, 5-9%), vmax. (in nujol) 1690 cm.; no hydroxyl absorption. 

5 Hiickel and Schwen, Ber., 1956, 89, 481. 

® Young, Ber., 1892, 25, 2104. 
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Ethyl 8-(2-Acetyl-3-indenyl)propionate——Acetyl chloride (1-6 ml.) and aluminium chloride 
(3-1 g.) in nitrobenzene (10 ml.) were added to ethyl indenylpropionate (5-0 g.) in nitrobenzene (10 
ml.). Next morning water and ether were added, the organic layer was washed and evaporated, 
and the residue distilled. Ethyl §-(2-acetyl-3-indenyl)propionate (3-3 g., 56%) was collected 
at 168°/0-5 mm.; it formed prisms, m. p. 50—52° [from light petroleum (b. p. 40—60°)} 
(Found : C, 74:2; H, 6-7. C,,H,,0, requires C, 74-4; H, 7-0%). The semicarbazone formed 
needles, m. p. 158° (from ethanol) (Found : C, 64-4; H, 6-4; N, 13-2. C,,H,,O3;N; requires C, 
64-7; H, 6-7; N, 13-3%). : 

This ester was very unstable to alkali; the free acid was obtained with 2N-aqueous hydro- 
chloric acid, and formed pale yellow needles, m. p. 142—144° (from ethyl acetate) (Found : 
C, 73-3; H, 6-2. C,,H,,O, requires C, 73-0; H, 6-1%). 

3-3’-Indenylpropanol.—Ethy] indenylpropionate (21-6 g.) was added dropwise to lithium 
aluminium hydride (3-0 g.) in ether (200 ml.), and the solution refluxed for lhr. After addition 
of dilute hydrochloric acid, the ether layer was separated and evaporated, and the residue distilled. 
3-3’-Indenylpropanol (15-8 g., 91%) was collected as a pale yellow oil at 120°/0-1 mm. (Found : 
C, 82-6; H, 8-2. C,,H,,O requires C, 82-7; H, 8-1%). 

3-3’-Indenylpropyl Bromide.—The alcohol (36-0 g.) was dissolved in benzene (150 ml.), and 
phosphorus tribromide (28 g.) in benzene (30 ml.) added dropwise. The solution was kept at 
50° for 7 hr. and then stored overnight. The solution was washed with sodium hydrogen 
carbonate solution and water, dried, and evaporated. 3-3’-Indenylpropyl bromide (32-4 g., 
66%) was collected at 140°/0-8 mm. as a pale yellow oil, n? 1-5851. 

y-3-Indenylbutyronitrile (IV).—Indenylpropyl bromide (9-0 g.), sodium cyanide (3 g.), 
water (4 ml.), and ethanol (9 ml.) were refluxed for 9 hr., then diluted with water and ether, and 
the organic layer was distilled. »-3-Indenylbutyronitrile (6-4 g., 92%) had b. p. 126°/0-1 mm. 
We were unable to obtain this compound free from bromine. 

11-Ethoxy-1:2:3:4:10: 1l-hexahydrofluoren-l-one (V).—The above nitrile (6-0 g.), 
sulphuric acid (11 ml.), and ethanol (25 ml.) were refluxed for 2 hr., the solution was worked up 
with water and ether, and the residue distilled (2 g.; b. p. 120—130°/0-01 mm.). 11-Ethoxy- 
1:2:3:4:10: 11-hexahydrofluoren-l1-one formed needles, m. p. 149° [from light petroleum 
(b. p. 80—100°)] (Found: C, 78-1; H, 7-8. C,;H,,O requires C, 78-2; H, 7-8%). With 
dinitrophenylhydrazine this ketone gave dark red plates, m. p. 280° (from acetone), of 1: 2: 3: 4- 
tetrahydrofiuoren-l-one 2: 4-dinitrophenylhydrazone (Found: C, 62-9; H, 45; N, 15:3. 
C,,H,,0,N, requires C, 62-6; H, 4-4; N, 15-4%). 

Ethyl y-3-Indenylbutyrate (VIII; R = Et).—The nitrile (IV) was hydrolysed with aqueous 
potassium hydroxide. y-3-Indenylbutyric acid formed crystals, m. p. 91—93°, from light 
petroleum (b. p. 80—100°) (Found: C, 77-4; H, 7-0. C,,;H,,O, requires C, 77-2; H, 6-9%). 
Fischer-Speir esterification gave ethyl y-3-indenylbutyrate (80%, from the nitrile), b. p. 
116°/0-02 mm. (Found: C, 78-45; H, 8-3. C,;H,,0O, requires C, 78-2; H, 7-9%), nv 1-5362. 

1: 2:3: 4-Tetrahydrofluoren-1-one (V1).—Method A. Powdered zinc chloride (1-0 g.) was 
added to y-3-indenylbutyronitrile (2-0 g.) in ether (10 ml.). Hydrogen chloride was then passed 
for 2 hr. and the mixture diluted with water and boiled for }hr. 1: 2:3: 4-Tetrahydrofluoren-1- 
one (1-2 g.,60%) was obtained as plates, m. p. 104—106° [from light petroleum (b. p. 80—100%)] 
(Found: C, 85-0; H, 6-5. C,,;H,,O requires: C, 84-75; H, 66%). The dinitrophenyl- 
hydrazone formed red plates, m. p. and mixed m. p. 280°. 

Method B. Phosphorus pentachloride (1-1 g.) was added to y-3-indenylbutyric acid (1-1 g.) in 
benzene (20 ml.). After 14 hour’s refluxing the solution was cooled, washed with sodium hydrogen 
carbonate solution, and evaporated. The residue was crystallised as before, forming pale 
yellow plates (0-5 g., 45%), m. p. and mixed m. p. 104—106° (Found : C, 84:7; H, 6-3%). 

1-Methylfiuorene (VII).—Method A. The above ketone (0-8 g.) in ether (10 ml.) was added 
to methylmagnesium bromide (from magnesium; 0-2 g.). After 1 hours’ refluxing the 
complex was decomposed with dilute sulphuric acid, and the ether evaporated. The residue 
was warmed on the steam-bath for 10 min. with formic acid (5 ml.), the acid removed with 
sodium hydrogen carbonate from ether solution, and the residue heated with palladised char- 
coal (30%; 0-1 g.) at 300° for 2 hr. and then at 350° for 4} hr. 1-Methylfluorene (0-35 g.) 
formed plates (from methanol), m. p. and mixed m. p. with an authentic specimen obtained by 
the stepwise reduction of methyl fluorene-l-carboxylate, 85° (Found: C, 93-3; H, 6-7. Calc. 
for C,,H,,: C, 93-3; H, 6-7%). 

Method B. Methyl fluorene-l-carboxylate (183 mg.) in ether ( 5 ml.) was added to lithium 
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aluminium hydride (100 mg.) in ether (10 ml.). After 1 hour’s refluxing the solution was 
worked up in the usual way. 1-Hydroxymethylfluorene (60 mg.) had m. p. 148° (from ethyl 
acetate); Pinck and Hilbert’ record m. p. 148° for a specimen obtained differently. Hydro- 
genation over Adams’s catalyst in glacial acetic acid gave 1-methylfluorene, m. p. 85°. 

Ethyl y-(2-Acetyl-3-indenyl)butyrate (IX; R = Et).—Aluminium chloride (6-0 g.) and 
acetyl chloride (3-1 ml.) in nitrobenzene (25 ml.) were added to ethyl y-3-indenylbutyrate 
(10-0 g.) in nitrobenzene (25 ml.). After storage overnight the mixture was worked up with 
hydrochloric acid and ice, and the organic layer distilled. Ethyl y-(2-acetyl-3-indenyl)butyrate 
(7-0 g., 59%), b. p. 184°/0-1 mm., formed needles, m. p. 46—48° [from light petroleum (b. p. 
40—60°)] (Found: C, 74:8; H, 7-4. C,,H,,O,; requires C, 75-0; H, 7:4%). y-(2-Acetyl-3- 
indenyl)butyric acid, obtained by hydrolysis with 2N-hydrochloric acid, formed plates, m. p. 
138—140° (from ethyl acetate) (Found : C, 73-5; H, 6-4. C,;H,,O, requires C, 73-5; H, 6-6%). 

2-A cetyl-1-methylfluorene (X).—The above acid (1-3 g.) was converted into the acid chloride 
with phosphorus pentachloride (1-1 g.) in toluene (20 ml.). The toluene was removed under 
reduced pressure and benzene (20 ml.) added. This solution was then added to one of dimethyl- 
cadmium prepared from magnesium (0-26 g.), excess of methyl bromide, and cadmium chloride 
(1-0 g.) in benzene (50 ml.). The solution was refluxed for $ hr. and then worked up with 
hydrochloric acid. After extraction with sodium hydrogen carbonate solution, which removed 
only a very small amount of acid, the neutral residue (1-3 g.) was refluxed for 1 hr. with sodium 
ethoxide [from sodium (0-2 g.) and ethanol (25 ml.)], and diluted with water and ether. The 
residue from the ether was a dark brown oil which was extracted repeatedly with light petroleum 
(b. p. 80—100°). Evaporation gave a residue which crystallised from methanol giving 2-acetyl- 
1-methylfluorene (25 mg.), m. p. 132° (Found: C, 86-3; H, 6-4. C,,H,,O requires C, 86-45; 
H, 6-35%). The ultraviolet absorption spectrum shows Amax, 305 my (log ¢ 4-36), Amin, 250 mu 
(log « 3-24). 2-Acetylfluorene shows an absorption of the same general form with Amax, 312 mu 
(log ¢ 4-43), Amin. 250 my (log ¢ 3-5). 

y-(2-A cetvl-3-indenyl) butyronitrile—y-3-Indenylbutyronitrile (5-0 g.) in nitrobenzene (10 ml.) 
was treated with aluminium chloride (3-6 g.) and acetyl chloride (2-0 g.) in nitrobenzene (10 ml.). 
After storage overnight the solution was worked up in the usual manner; y-(2-acetyl-3-indenyl)- 
butyronitrile (2-4 g., 39%) boiled at 183°/0-5 mm. and formed needles, m. p. 72—73°, from light 
petroleum (b. p. 60—80°) (Found: C, 79-5; H, 6-7. C,;H,,ON requires C, 80-0; H, 6-7%). 

4-Methylindan-1-one.—8-o-Tolylpropionic acid (64 g.) in benzene (200 ml.) and phosphorus 
pentachloride (80 g.) were kept for } hr. at room temperature. The benzene was evaporated 
under reduced pressure, the residual acid chloride taken up in light petroleum (600 ml.; b. p. 
80—100°) and the solution decanted from phosphorus compounds on to aluminium chloride 
(52 g.). After 2 hours’ refluxing the solution was diluted with water and methylene chloride, 
the organic layer separated, and the residue after evaporation distilled in steam. Jecrystal- 
lisation gave 4-methylindan-l-one (44 g., 77%) as long prisms, m. p. 95° [from light petroleum 
(b. p. 100—120°)] (Found: C, 82-3; H, 6-9. Calc. for C,9H,,O: C, 82-2; H, 6-9%). 

4-Methyl-3-indenylsuccinic Acid.—To a stirred mixture of sodium hydride (7-4 g.), dry 
benzene (50 ml.), diethyl succinate (55 g.), and 4-methylindan-l-one (14-6 g.) was added a few 
drops of ethanol under nitrogen. After a short while the mixture began to reflux; after 1 hr. 
acetic acid (20 g.) in ether (200 ml.) was added. The solution was washed with water, and the 
acidic material extracted with sodium carbonate solution. Acidification gave an oil which was 
hydrolysed with aqueous potassium hydroxide. After acidification, 4-methyl-3-indenyl- 
succinic acid (1-2 g.) formed prisms, m. p. 214° (decomp.) (from ethanol) (Found: C, 67-0; 
H, 5-3. C,3H,.0O, requires C, 67-2; H, 5-2%). 


UNIVERSITY OF LIVERPOOL. (Received, February 13th, 1957.) 


7 Pinck and Hilbert, J. Amer. Chem. Soc., 1946, 68, 751. 
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587. The Fries Rearrangement. Part III.* Mechanism of the 
ortho-Migration. 
By N. M. CuLiinane and B. F. R. Epwarps. 


Formation of 2-hydroxy-5-methylacetophenone from #-tolyl acetate 
by titanic chloride in nitrobenzene proceeds by way of a complex which 
decomposes by (a) an intramolecular transposition and (b) scission into an 
acyl and a phenolic component which then condense (cf. o-tolyl acetate *). 


Tue ortho-rearrangement of #-tolyl acetate, catalysed by titanium tetrachloride, gave 
yields of up to 90% of 2-hydroxy-5-methylacetophenone ; in addition f-cresol was obtained 
and in some experiments some of the original ester was recovered; all the products have 
been determined quantitatively. The reaction is slower than the fara-migration observed 
for o-tolyl acetate } but it follows a similar pattern. 

These experiments were carried out in homogeneous nitrobenzene solution; other 
solvents were found in general to be less effective, in the order nitrobenzene > ethylene 
dichloride > s-tetrachloroethane > chlorobenzene > benzene. 

Illari * claimed that the course of the Fries rearrangement depends upon the proportion 
of catalyst employed, but in our work this was not so. Thus the rate of decomposition 
of the ester was the same for 2 and 3 mols. of titanic chloride (Table 1); a bimolecular 


TABLE 1. 
Effect of temperature on velocity constant, k (10-* sec.~1) 
Temp. 40° 50° 60° E (kcal.) 
I I  hicccntuentncsencebeceumenseaianenion 3-79 9-26 22-6 18-4 
IEEE GEE sic perssnnsssnenninananemmeocens 3-77 9-14 21-6 19-2 
BUTT pévskecedéchecsaccivevceqnecednasésetsesteeen 3-38 8-33 20-9 18-4 
PE TOY Sisiiiisvedineiccsssiansasssncseses — 9-14 21-8 18-8 
Effect of volume of solvent at 60° on velocity constant, k (10-5 sec.—). 
Nitrobenzene 100 c.c. 150 c.c. 200 c.c. 
Fe OBE a vccsccccccccccsccsesscestevsccecsesocs 22-6 22-2 21-6 
DWPOO-MATET TGS 2... ccccccscveccsveccsvoscecscsce 21-6 21-7 21:2 
BE ME aesecdneisnngunnibsshinteuddoeicerceesesesen 20-9 19-2 18-7 
PROCES FOE coccsccccecceccscecsscecsvcsvcccoess 21-8 20-9 20-0 
Effect of catalyst : ester ratio at 60° on velocity constant, k (10-5 sec.~*). 
Titanic chloride (molar ratio) 1 2 3 
RID: Saccdbbtiirscttibeitesiiicntisccnesivnsi 5-2 21-6 23-0 
RNG TAD. ce sccccsccsceesnstevecscesevesces 5-3 21-2 21-9 
3 ere 5-3 18-7 20-2 
ENGR TIDE cccsecescsccnasncesceecssececncsonse 5-5 20-0 20-9 


reaction between the acetate and catalyst would have required that its rate should increase 
with a larger proportion of catalyst. We therefore conclude that the ester and titanic 
halide combine irreversively as soon as they are brought together and that the rate of 
decomposition of this complex is being measured. 

The curves showing the rate of disappearance of the ester were analysed by the method 
of initial slopes, and of three-quarter and half life, 7.e., when the concentration of ester had 
fallen to three-quarters and half respectively. The first-order plots approximated closely 
to straight lines while the second-order plots were markedly curved; hence the decomposi- 
tion of #-tolyl acetate is a first-order process. From the rate constants the activation 


* Previous papers (J., 1955, 3894; 1956, 2222) are regarded as Parts I and IT. 


2 Tllari, Gazzetta, 1947, 77, 339. 
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energy was evaluated (Table 1). This applies to the overall reaction, t.e., the rearrange- 
ment of the ester by the two processes referred to below. The values for the separate 
reactions are also shown below. 

The initial rates of formation of the hydroxy-ketone and cresol increased with the 
temperature, the former more rapidly, but the maximum yields were unaffected. As the 
cresol was formed at a finite rate at zero time it must have come directly from the ester 
complex by a first-order process. Since the curve exhibited a maximum the cresol must 
have undergone further change; the concentration of the hydroxy-ketone continued to 
rise in the region where the cresol concentration was still decreasing, and even after all 
the ester had disappeared. 

Reaction 3 is required to account for the fact that the hydroxy-ketone was formed at 
a finite rate at zero time by the intramolecular rearrangement of the ester complex, this 
being confirmed by the fact that a 2-fold increase in the volume of solvent scarcely affected 
the rate of formation of the ketone (Table 1). As this was produced by the two reactions 
3 and 4, 4.e., direct intramolecular migration and synthesis from the products of ester fission, 
each must be a first-order process. The latter can best be interpreted by assigning an 
ion-pair structure to these products (I) (this holds also for the para-isomerisation of o-tolyl 
acetate +). Reaction 3 is shown as irreversible for the overall reaction will only obey 
first-order kinetics if the reverse process is zero or negligible. 


O-TiCI,~ O-TiCl; 


OAc OAc ‘ 
Me Me Me (I 


%, : e ) fA Me (II) 


The fact that the maximum reaction rate is observed when the catalyst : ester molar 
ratio is 2 can be accounted for if we regard the product (II) as capable, like other ketones, 
of forming a complex with a further molecule of titanic chloride. 

The effect of temperature on the velocity constants (k) and activation energies (E) of 
reactions 2, 3, and 4 is shown below. From the kinetics of the reaction the following 
equations can be derived : 





—dA/dt = (k, + ky)A “ae ee ae ae 
dK/dt = k,A + RC ; oe? OE ee we eee 
dC/dt = k,A — k,C eh otek sles ee 

Hence —dA/d¢=dK/dt+dC/dé ....... @ 


where A is the concentration of the f-tolyl acetate complex, C that of the fission products 
(I), and K that of the ketone (II). The sum of the constants (k, + hk) is calculated from 
the plot of log mole % of ester against time. The constant k, is evaluated from the initial 
slope of the hydroxy-ketone curve; subtraction of k, from the above value of (k, +- hg) 
gives k,; k, is obtained from eqn. (5) by using the above value of ks, and from the slope of 
the hydroxy-ketone curve at a time when the concentration of ester has fallen to half. 
The constants together with the corresponding activation energies are listed below (,, 
ky, and k, and E,, E3, and E, refer to reactions 2, 3, and 4 respectively). 


Temp. kh, ks ky 
(10-5 sec.-1) 
40° 2-15 1-64 3-01 
50 4-57 4-69 9-59 
60 13-70 8-89 20-60 


E, is 25-9, E, 15-4, and E, 18-4 kcal. /mole. 











3018 The Fries Rearrangement. Part III. 


The accuracy of the relation (d) is indicated in Table 2 for (a) 25% and (6) 50% 
decomposition of the ester complex, the slopes being expressed as mole change per second 
A = concn. of ester complex). 


TABLE 2. 

Temp. —105 dA/dt 105 dC/dt 105 dK/dé 105 (dK/d¢t + dC/d?) 
(a) 40° 2-99 1-04 1-42 2-46 

50 6-86 2-08 4:35 6-43 

60 16-20 6-67 7-78 14-50 
(b) 40 1-69 0-22 1-30 1-55 

50 4:17 0-60 3-98 4-58 

60 10-50 3-47 7:33 10-80 

EXPERIMENTAL 


The materials were purified by standard methods. 

Rearrangement of p-Tolyl Acetate-—The ester and nitrobenzene were introduced into the 
reaction vessel at 0°; titanic chloride was added during ca. 1 min. with continuous stirring, 
which was maintained throughout the experiment. The colour of the solution changed from 
pale yellow to reddish-brown. After the requisite time the product was cooled in ice and 
decomposed with 6N-hydrochloric acid. From the solvent layer 2N-sodium hydroxide took up 
the p-hydroxy-ketone and p-cresol, leaving the ester. Distillation removed traces of solvent 
from the alkaline extract which was then acidified with concentrated hydrochloric acid and kept 
cold for 12 hr.; 2-hydroxy-5-methylacetophenone separated in needles, which were dried to 
constant weight. Recrystallisation from ligroin gave m. p. 50°, in agreement with Rosenmund 
and Schnurr.* The small quantity of hydroxy-ketone remaining in solution was estimated by 
precipitation of an aliquot portion with 2: 4-dinitrophenylhydrazine. After 12 hr. the 
hydvazone was dried at 110°. Recrystallised from benzene it yielded bright red prisms, m. p. 
271° (Found: C, 54:8; H, 4:2; N, 17-2. C,;H,,0;N, requires C, 54-6; H, 4-2; N, 17-0%). 
In another aliquot part p-cresol was analysed as follows: To 50 c.c. a large excess of concen- 
trated hydrochloric acid was added and a standard solution containing potassium bromate 
(10 g./l.) and potassium bromide (25 g./l.) was run in at once until the liquid became yellow 
(a white turbidity due to bromocresol was also observed). Excess of a 10% solution of 
potassium iodide was then added and the liberated iodine titrated against standard sodium 
thiosulphate. Control experiments showed the results to be 3% too high. The very small 
amount of hydroxy-ketone present scarcely affected the accuracy. The organic layer was 
boiled under reflux for 4 hr. with 2n-sodium hydroxide (200 c.c.), the nitrobenzene distilled off 
in steam, and the residual liquor made acid with concentrated hydrochloric acid and again 
distilled with steam. The p-cresol thus formed by the hydrolysis of the original ester was 
analysed as described above. The residue from the steam-distillation contained a small 
quantity cf resin which was taken up in acetone and weighed. 

Effect of Temperature —The components were p-tolyl acetate (0-1 mole), titanic chloride 
(0-2 mole), and nitrobenzene (100 c.c.) and the reactions were studied at 40°, 50°, and 60°. 
At 40° 11% of the ester remained after 17 hr.; the yield of cresol reached a maximum (17%) 
in 5} hr., falling gradually to 9%. A 74% yield of o-hydroxy-ketone was obtained in 17 hr. 
At 50° the rate of decomposition of the ester was more rapid and it disappeared completely in 
1l hr. Both the cresol and the hydroxy-ketone were formed more rapidly than at 40°, the 
yield of the former reaching a maximum of 14% in 24 hr., falling afterwards to 3%, and of the 
latter being 92% in 13 hr. At 60° the reaction was still more rapid, the ester reacting com- 
pletely in 6 hr., when the yield of ketone had become 88%. 

Effect of Volume of Solvent.—The reaction between p-tolyl acetate (0-1 mole) and titanium 
tetrachloride (0-2 mole) in (a) 100 c.c., (b) 150 c.c., and (c) 200 c.c. of nitrobenzene was investig- 
ated at 60°. Very little difference was noted, the acetate disappearing completely in 6 hr., 
when the yield of the hydroxy-ketone had reached a maximum value of 90%. The yield of 
p-cresol rose to ca. 15—20%, subsequently falling to ca. 4%. 

Effect of Catalyst: Ester Ratio.—p-Tolyl acetate (0-1 mole) in nitrobenzene (200 c.c.) was 
treated at 60° with (a) 0-1 mole, (b) 0-2 mole, and (c) 0-3 mole of titanic chloride. In (a), some 
ester (2-5%) remained after 13 hr., when an 85% yield of the hydroxy-ketone had been obtained. 


? Rosenmund and Schnurr, Annalen, 1928, 460, 56. 
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The yield of the cresol reached a maximum of 13% in 43 hr., with a gradual fall to 5% after 13 hr. 
In (b), the rate of disappearance of the acetate was higher and none remained after 6 hr., 2- 
hydroxy-5-methylacetophenone (88%) being formed in this time. The highest yield of the 
cresol (15%) was attained in 1 hr.; it fellto5% in6hr. In (c) the reaction was almost identical 
with that in (0). 


We thank Peter Spence and Sons Ltd. for a gift of titanium tetrachloride; one of us 
(B. F. R. E.) thanks the University of Wales for the award of a Post-graduate Studentship. 


THE SHANDON LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, January 29th, 1957.] 





588. The Degradation of Carbohydrates by Alkali. Part XV.* Factors 
in the Formation of Metasaccharinic Acids from 3-O-Derivatives of Glucose. 


By J. KENNER and G. N. RICHARDS. 


The significance of the medium, the alkali employed, and the substituent 
groups involved, as factors in the action of alkali on carbohydrates, is 
illustrated in a study of the behaviour of 3-O-derivatives of D-glucose. This 
provides a quantitative comparison of alkyl groups in respect of their induc- 
tive effects and has revealed the 3-O-toluene-p-sulphonate as an excellent 
source of 2-deoxy-pD-ribose. 


THE collective results of this series of papers confirm the view that the type of saccharinic 
acid formed by the action of lime-water on 1-, 3-, or 4-O-alkylhexoses is determined by 
the site of the alkyl group. This was attributed to the greater receptivity of the aqueous 
alkaline medium for alkoxyl than for hydroxyl anion,’ and it has now been shown that 
conversely the decomposition of 0°02m-solutions of 3-O-methyl-p-glucose (I) by 0-1n- 
alkali at 25° is faster in water or ethyl alcohol than in methyl alcohol. Apparent first- 
order velocity constants for 0-1N-alkali were :;NaOH 4-0, NaOMe0-7, NaOEt 6-3, x 10 hr.-?. 
Evidently the conversion of the ion (II) into the acid (III) is a rate-controlling step. 
Further, the retardation of this reaction in methyl alcohol affords greater opportunity 
for isomerisation to 3-O-methyl-p-fructose (IV) and accordingly under these conditions 
the formation of traces of lactic acid was detected.!»? 





CHO cHo- CHO CHYOH 
H-C-OH C-OH ) co 
MeO-C-H —* Mc0-C-H 0 eee di MeO-C-H 

HCOOH H-C-OH H Lon 4OMe- — H-C-OH 

H-C-OH H-C-OH H-C-OH H L on 


CH,°OH CH,°OH | a H,°OH 
(1) (II) (III) | we 4 (IV) 
Metasaccharinic acids Lactic acid + MeOH 


The tolerance of the alkoxy-anion for its charge, another factor in these reactions, 
should reflect and provide a quantitative relative measure of the inductive effect of the 
alkyl group; so apparent first-order velocity constants have been determined for the 
reaction with saturated lime-water at 25° of 3-O-benzyl- and a series of 3-O-alkyl-p- 
glucoses. These are well adapted to comparative measurement since in the conversion 

* Part XIV, J., 1957, 927. 


' Kenner and Richards, J., 1954, 278. 
* Cf. Kenner and Richards, J., 1954, 1784. 
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of 3-O-methyl-p-glucose into metasaccharinic acids in water there were no perceptible 
side reactions such as the formation of lactic acid noted above. The experimental results 
accord with current qualitative conceptions, viz., 107k’ (hr.-1) for CH,Ph 10-1, Me 5-3 
(5-4 calc. from determinations of reducing power *), Et 3-0, Pr® 2-9, Pri 1-7, Bu" 2-9. 

The cation of the alkali employed is also an important factor in this reaction. Evidence 
for the inefficiency of potassium hydroxide relative to lime-water } is now supplemented 
by the following table of apparent first-order velocity constants for the action on 3-0- 
methyl-p-glucose in 0-02m-solution at 25° of 0-05n-sodium hydroxide alone and after 
addition of metallic nitrates in the proportions indicated : 





Lit- Bat* = Srt* Catt 
Metal nitrate added to 0-05n-NaOH a An — 
(equiv./mole of aldose) — .........+0.+0- 0 1-0 1-0 1-0 1-0 1-5 2-0 2-5 
BT GR) cccccsccceccnccccescconsbessinsse 1-9 2-1 2-0 2-8 4-8 5-5 6-6 6-2 


The slight accelerative influence of lithium cations accords with their superior co-ordinating 
power,® but the markedly greater effect of strontium, and especially of calcium, ions points 
to internal complex formation as a much more potent supplement in this reaction than 
basicity of the reagent. Further, formic being stronger than glycollic acid, a greater 
electron-availability and consequent superior co-ordinating power would be expected on 
the carbonyl-oxygen atom of a ketose than on that of the isomeric aldose. Thus formation 
of their common dienolate ion according to the following scheme might occur more readily 
from the ketose : 


“CH‘OH cioH = -CH'OH oH- -C:OH oH- 0 -C0---._ 
| fe ri eng i ——p fl ">>=Ca‘OH 
~C=O ~C=0"CaOH ~C-O-CaOH <0 — 
+H,O +H,O 


This agrees with the somewhat faster formation of metasaccharinic acids from 3-O-methyl- 
D-fructose than from 3-0-methyl-p-glucose! and with the observation by Bamford, 
Bamford, and Collins * of the faster epimerisation of fructose than of glucose by sodium 
hydroxide. We thus also have a certain variation with the alkali employed, in the 
character of the entity (II). 


CHO bo a CO.H 
H-C-OH -OH C-OH eH 
H ---HO-C-H CH H 
ry —+ (HO),Ca-” _— | —_— i ; 
HO-C-H HOt HOCa‘O—CH HO-¢- H 
H-C-OH » en H-C-OH He. OH 
CH,°OH CH,"OH CH,"OH H,-OH 
(or ring form) + Ca(OH), 
(V) (VI) 


An alternative mode of complex formation, long familiar in connection with the use 
of calcium and strontium hydroxides for the purification of cane-sugar, is probable in the 
action of lime-water on galactose as represented in (V). This would be inimical to the 
type of process by which p-glucose is converted into p-psicose and a-D-saccharinic acid.? 
Thus, if dissociation of the complex is avoided by aperation at the ordinary temperature, 
D-galactose yields p-galactometasaccharinic acid ® (VI). 


3 Cf. Meerwein and Burneleit, Ber., 1928, 61, 1840. 


* Bamford, Bamford, and Collins, Proc. Roy. Soc., 1950, 204, A, 85; cf. Bamford and Collins, ibid., 


1955, 228, A, 100. 
® Kiliani and Sanda, Ber., 1893, 26, 15649. 
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The circumstances of the decomposition of 3-O-toluene-p-sulphonyl-p-glucose (IX) by 
lime-water are quite different from those of the foregoing reactions, because sulphonic 
esters exhibit their own inherent tendency to decomposition on treatment with alkali. 
Thus Freudenberg and Braun,* and Weygand and Wolz,’ converted 1 : 2-5: 6-diiso- 
propylidene-3-0-toluene-f-sulphonyl-p-glucose (VII) into the unsaturated derivative 
(VIII) by heating it with hydrazine and with sodium hydroxide respectively. Weygand 








eta | cH-o ~CMe, | 
on | » ane 
CH,S005H fe) CH re) 
. eee rene 
HC-O~__ Heo 
(VII) a | ie me ree CMe, (VIII) 


and Wolz justified the assumption by Freudenberg and Braun of the 3: 4-site of the 
double bond, but the alternative 2: 3-position becomes involved when 3-0-toluene-p- 
sulphonyl-p-glucose (IX) [derived from (VII) by acid hydrolysis, most satisfactorily in 
presence of toluene-p-sulphonic acid] is decomposed by gradual addition of lime-water 
at 25°. The product of the ensuing rapid reaction, 2-deoxy-p-ribose (X), is thus protected 
as far as possible from the effects of alkali and temperature, and the yield (76% of crystalline 
material) is gratifying. Simultaneously with these experiments Smith reported a similar 


1 








H H-C-OH H-C=O 
H-C-OH | Fen a CH, 4 H-CO,H 
C,H,"SO,-O-CH H-C-OH H-C-OH 
H-C-OH H-C‘O-CHO HOH 
H du,0H CH,‘OH 
CH,°OH +H,0 (X) 
(x) + C,H,'SO,-0- 


result (55% yield of amorphous product) on decomposition of 3-O-methanesulphonyl-p- 
glucose by sodium hydroxide,® relating his result to the reaction scheme of English and 
Brutcher : ® 


a OH- 
Se-C— CK ——— SC=CK + OCT + Y-SO,,O- + HO 
YSO,0 OH 


This expresses the fact that removal of proton by alkali is easier from hydroxyl than from 
>CH and equally effective for olefin formation if it is attached to carbon in the §-position 
to the ester grouping. Although the action of lime-water (0-04N) was found to be more 
rapid than that of sodium hydroxide (2N) and Smith’s ester suffered decomposition more 
readily than the toluene-p-sulphonate, it nevertheless furnishes only a 65% yield of 
crystalline deoxy-compound on treatment with lime-water. 


6 Freudenberg and Braun, Ber., 1922, 55, 3236. 

? Weygand and Wolz, Chem. Ber., 1952, 85, 256. 

§ D.C. C. Smith, Chem. and Ind., 1955, 92. 

® English and Brutcher, J. Amer. Chem. Soc., 1952, 74, 4279. 
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The review, in this and previous papers of this series, of the action of alkali on carbo- 
hydrates now appears sufficiently complete for guidance in future study of particular 
instances. ; 


EXPERIMENTAL 


The following solvents and sprays were used for paper chromatography on Whatman No. | 
paper at 27°. Solvents: ‘‘a’’ 1+ butan-l-ol—pyridine—water, 6: 4:3; “b’’ }* ethyl acetate- 
acetic acid—water, 10: 1-3: 1; ‘“‘c’’ butan-l-ol-pyridine—benzene-water (4:2:1:1); “dad” 
butan-l-ol-ethanol-water (40:11:19). Sprays: ‘‘a’’ silver nitrate-sodium hydroxide; 
““b” 15 hydroxylamine-ferric chloride; ‘‘c’’?® sodium metaperiodate—potassium perman- 
ganate; ‘“‘d’’ 2? B.D.H. “ 4-5” indicator. 

Preparation of 3-O-Alkyl-p-glucoses——The method of Glen e¢ al.1® yielded 3-O-methyl., 
-ethyl-, -n-propyl-, and -n-butyl-p-glucose, with the properties recorded by these authors, but 
each compound required additional purification on either powdered cellulose or carbon-Celite 
columns to remove traces of glucose. Repeated recrystallisation from absolute ethanol achieved 
the same effect on the large scale, but was otherwise too wasteful. It was normally preferable 
to avoid distillation of the 3-O-alkyl-1 : 2-5 : 6-di-O-isopropylidene-p-glucose and, instead, 
to remove acetone polymers by chloroform extraction after hydrolysis, since, even with careful 
fractional distillation at this stage, the final product always contained glucose. 

As expected from the limited accessibility of the hydroxyl group in 1 : 2-5 : 6-di-O-tsopropyl- 
idene-p-glucose, the yields were drastically reduced as the size of the alkyl group increased and 
with isopropyl bromide only 5—10% of 3-O-isopropyl-p-glucose was ultimately obtained, 
showing m. p. 159—162°, [a]?? +25° (10 min.), +44-5° (5 hr., equil.) (¢ 3 in H,O) (Found: 
C, 48-8; H, 8-3. C,H,,0O, requires C, 48-6; H, 8-2%). A similar experiment with ¢ert.-butyl 
bromide yielded only traces of the supposed 3-O-tert.-butyl-p-glucose (Rp 0-54; solvent ‘a’”’, 
spray ‘‘a’’), which was not isolated in the pure state. 

3-O-Benzyl-p-glucose was prepared by the method of Adams e¢ al.!*, purified by chromato- 
graphy on powdered cellulose, and showed the properties recorded by these authors. 

Certain of the alkylated glucoses were characterised as the N-3-O-alkyl-p-glucosyl-p-toluidines 
by treatment of a concentrated alcoholic solution with the theoretical amount of p-toluidine 
at room temperature overnight. Evaporation of the resulting solution and recrystallisation 
of the residue from ethanol yielded derivatives as tabulated. 


Alkyl group M. p. Found: N (%) Required: N (%) 
BL snssespenvatiaminsdcenkunasernteaniesseune 155-5—157-5° 5-0 4°7 
I sabvsncserscdcenssiseisinencsansisdnnvenee 124—125 4:9 4-5 
DET Kitictianiaacasninincnininninhseinnesuinsiin 137—139 4-1 4:3 
ETT ssabvcnunienisntecsardecmmeumametins 130—131 3-8 3-9 


Treatment of 3-O-Alkyl-p-glucoses with Lime-watey—A 0-02m-solution of the glucose 
derivative in oxygen-free 0-040Nn-lime-water was kept at 25° + 0-1°, while the formation of 
acid was determined as in earlier work.! Plotting log,, [1—(equivs. of acid/mole of glucose 
derivative)] against time gave, after an induction period of ca. 1 hr., a linear curve up to ca. 
70—80% completion; the velocity constant for 3-O-methyl-p-glucose ! was almost the same 
as that given by plotting log,, (unchanged 3-O-methylhexose) against time for the same phase 
of the reaction. The apparent first-order rate constants, determined by the former method, 
have been listed. 

Effect of Metallic Ions on the Alkaline Degradation of 3-O-Methyl-p-glucose—An aqueous 
solution (25 ml.) containing 3-O-methyl-p-glucose (0-194 g.) and the required amount of the 


11 Jeanes, Wise, and Dimler, Analyt. Chem., 1951, 23, 415. 
12 Moilanen and Richtzenhain, Acta Chem. Scand., 1954, 8, 704. 

'S Hough, Jones, and Wadman, /., 1950, 1702. 

™ Trevelyan, Proctor, and Harrison, Nature, 1950, 166, 444. 

18 Abdel-Akher and F. Smith, J. Amer. Chem. Soc., 1951, 78, 5859. 
16 Lemieux and Bauer, Analyt. Chem., 1954, 26, 920. 

17 Nair and Muthe, Naturwiss., 1956, 43, 106. 

18 Glen, Myers, and Grant, J., 1951, 2568. 

1 Adams, Reeves, and Goebel, J. Biol. Chem., 1941, 140, 653. 
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metallic nitrate was saturated with nitrogen and treated with oxygen-free 0-100N-sodium 
hydroxide (25 ml.) at 25° + 0-1°. The observed rates, calculated as above, have been listed. 

Treatment of 3-O-Methyl-p-glucose with Sodium Hydroxide and with Sodium Alkoxides.— 
(a) A 0-02m-solution of 3-O-methyl-p-glucose in oxygen-free sodium hydroxide of required 
normality was kept at 25° + 0-1°. The rate constants were calculated as above : 

ED. iniinutuipditinaiabniiidaiabiads 0-05 0-1 0-2 0-4 
RT AE) ccstscveccccesascsccsscesessseses 1-9 4-0 6-0 9-7 

(b) 3-O-Methyl-p-glucose (0-194 g.) was dissolved with warming in anhydrous ethanol 
(20 ml.), 0-20N-ethanolic sodium ethoxide (25 ml.) added, and the volume of the solution 
adjusted to 50 ml. with ethanol. All solutions were oxygen-free. The rate of development of 
acidity at 25° + 0-1° was determined in the usual way. The results of this and a similar 
experiment with sodium methoxide in methanol have been given. 

After 24 hr. each alcoholic solution was diluted with water (50 ml.) and immediately passed 
through columns of Amberlite resin IR-120(H) (5 g.) and IR-4B (3 g.). The neutral effluent, 
when examined by paper chromatography in solvent “‘a’’, with sprays “‘a”’ and “c’’, showed 
in each case, 3-O-methyl-p-fructose (Rp 0-59) and -glucose (Rp 0-51). The basic resin was 
washed with water and eluted with 2% sodium carbonate solution (120 ml.), and the effluent 
stirred with Amberlite resin IR-120(H) (20 g.) for 2 hr. The filtered solution was evaporated 
to dryness and the residue examined by paper chromatography in solvent “ b’’, with sprays 
“bb”, “ec”, and “d’’. In both cases the main product was $-p-glucometasaccharinolactone 
(Ry, 0-42), together with smaller amounts of the «-isomer (Fy 0-47, lactone), but in the case of the 
reaction originally carried out in methanol a trace of lactic acid (R,, 1-00) was detected (Ry, = 
rate relative to lactic acid). 

2-Deoxy-p-ribose.—(a) A solution of 1 : 2-5 : 6-di-O-isopropylidene-3-O-toluene-p-sulphonyl- 
D-glucose 2° (20-95 g.) in dioxan (132 ml.) and water (68 ml.) was boiled under reflux for 1-5 hr. 
with toluene-p-sulphonic acid (17-2 g.), then, after cooling, passed through Amberlite resin 
IR-4B(OH) and evaporated to a colourless syrup (13-44 g., 79-5%) which crystallised slowly 
and showed m. p. 75—77°, [a]# +40-5°, (¢ 1 in H,O). This material proved difficult to 
recrystallise, but gave a single spot on the paper chromatogram (solvent ‘“‘c’’, spray “‘a’’, 
Ry 0-76) and was used without further purification. Freudenberg and Ivers *° reported m. p. 
70—71°, [a], +39-6°, for the monohydrate of 3-O-toluene-p-sulphonyl-p-glucose. 

Oxygen-free 0-04N-lime-water (700 ml.) was added during 8 hr. to a stirred, oxygen-free 
solution of 3-O-toluene-p-sulphonyl-p-glucose (4-79 g.) in water (50 ml.) at room temperature 
and stirring was continued overnight. The solution was then de-ionised by passage through 
successive columns of Amberlite resins IR-120(H) and IR-4B and evaporated to a colourless 
syrup (1-95 g.) which was shown by paper chromatography (solvent ‘‘ c’’) to consist mainly of 
2-deoxy-pD-ribose (Rp 0-47), a small amount of 3-O-toluene-p-sulphonyl-p-glucose (Ry 0-76), 
and a trace of an unidentified compound (Ry 0-18). The syrup was transferred in 10% aqueous 
solution to a carbon-Celite column (45 x 5 cm.) and eluted under pressure of 2 m. with aqueous 
ethanol. Increasing the concentration of ethanol by a linear gradient (cf. ref. 21) from 0 to 5% 
yielded chromatographically pure 2-deoxy-D-ribose as a syrup which crystallised rapidly (1-44 g., 
76%) and when recrystallised several times from propan-2-ol had m. p. and mixed m. p. 90—92°. 
Further increase of the ethanol concentration in the eluant from 5 to 20% yielded unchanged 
3-O-toluene-p-sulphonyl-p-glucose (0-21 g., 4%), m. p. and mixed m. p. 74—76°. 

(6) A solution of 3-O-methanesulphonyl-p-glucose ** (4-20 g.) in oxygen-free water (50 ml.) 
was stirred at room temperature while oxygen-free 0-04N-lime-water (820 ml.) was added during 
13 hr. After being stirred at room temperature for a further 30 min. the solution was de- 
ionised and evaporated as in the preceding experiments, to yield a colourless syrup (2-15 g.) 
shown by paper chromatography (solvent “‘ d ’’) to consist mainly of 2-deoxy-p-ribose (Ry 0-43), 
with 3-O-methanesulphonyl-p-glucose (Rp 0-31) and a trace of the unidentified compound 
(Rp 0-20 in ‘‘d”’, Rp 0-18 in “‘c”’) observed in the preceding experiment. Chromatography 
of the syrup under the conditions described above yielded 2-deoxy-p-ribose (1-41 g., 65%), 
m. p. 89—91° after recrystallisation from propan-2-ol. Unchanged 3-O-methanesulphonyl-p- 
glucose (0-43 g., 10%), m. p. and mixed m. p. 133—134°, was also obtained from the column 
at 5—20% ethanol concentration. 

20 Freudenberg and Ivers, Ber., 1922, 55, 929. 


21 Lindberg and Wickberg, Acta Chem. Scand., 1954, 8, 569. 
22 Helferich, Dressler, and Griebel, J. prakt. Chem., 1939, 158, 285. 
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Rate of Acid Formation.—Solutions of 3-O-toluene-p-sulphonyl- (0-167 g.) and 3-O-methane- 
sulphonyl-p-glucose (0-129 g.) in oxygen-free 0-040n-lime-water (50 ml.) were kept at 25° while 
formation of acid was measured by back-titration as described earlier. Results were: 





3-O0-Toluene-p-sulphonyl-v-glucose. 


BAM (WE.)  cccecccccsscecovcccceseseccsse 0-1 0°35 2-0 4-0 6-0 72 420 

Acid (equiv./mole)  ...........seseee. 1-58 1-59 1-70 1-71 1-72 1-83 2-08 
3-O-Methanesulphonyl-p-glucose. 

GEE) ccenssemnpcinssqntdextsonicnsd 0-1 0-2 0-5 1-0 3-0 5-0 

Acid (equiv./mole) — ..............000 1-86 1-89 1-91 1-94 1-96 2-00 


A solution of 3-0-toluene-p-sulphonyl-p-glucose (0-167 g.) in oxygen-free 2-03N-sodium 
hydroxide (50 ml.) was kept at 25°. At intervals aliquot parts (5 ml.) were passed through a 
column of Amberlite resin IR-120(H) (5 g.), and the eluate and washings titrated to phenol- 
phthalein with 0-025n-sodium hydroxide. Formation of acid was observed as 1-13 (0-25 hr.) ; 
1-30 (0-75 hr.); 1-35 (2-0 hr.); 1-40 (7-0 hr.); 1-69 (25 hr.); 1-75 (127 hr.); 1-93 (222 hr.) 
equivs. per mole. 


We thank Mr. J. Shaw for extensive assistance in the experimental work. This work forms 
part of the programme of fundamental research undertaken by the Council of the British Rayon 
Research Association. 


THE British RAYON RESEARCH ASSOCIATION, HEALD GREEN LABORATORIES, 
WYTHENSHAWE, MANCHESTER, 22. (Received, March 4th, 1957.]} 





589. The Preparation of Some T'rinitrophenylpyrazoles. 
By I. L. Frnar and R. J. Hur tock. 


1-Phenylpyrazole and nitrophenylpyrazoles have been converted into 
trinitro-compounds by mixed acids at 100°, and the products orientated by 
synthesis. Some di- and the tri-nitrophenylpyrazoles give colours in the 
Janovsky reaction.*? 


NITRATION of 1-phenylpyrazole with mixed acids at 100° gives 1-(2 : 4-dinitrophenyl)-4- 
nitropyrazole; the course of the reaction is indicated by nitration of 1-phenylpyrazole 
at 12° and 22° which gives the intermediates 1-f-nitrophenyl- and 4-nitro-1-p-nitrophenyl- 
pyrazole, respectively. Nitration of both these compounds at 100° gives the trinitro- 
compound, which is also obtained by other nitrations (see Table). 

1-(2 : 4-Dinitropheny])-4-nitropyrazole was characterised by its reaction with boiling 
methanolic sodium methoxide* to give 4-nitropyrazole and 2: 4-dinitroanisole. It was 
synthesised by condensation between 4-nitropyrazole [from pyrazole,* by nitration with 
mixed acids at 100° (cf. Buchner and Frisch,5 and Huttel e¢ a/.*)] and 1-chloro-2 : 4-dini- 
trobenzene in ethanolic potassium hydroxide. Nitration of 1-m-nitrophenyl- and 4-nitro- 
l-m-nitrophenyl-pyrazole with mixed acids at 100° gives 1-(3 : 4-dinitrophenyl)-4-nitro- 
pyrazole, the orientation of which was established as follows. One nitro-group underwent 
nucleophilic replacement in ethanolic ammonia at 100°, to give an amine which, on de- 
amination, gave 4-nitro-l-p-nitrophenylpyrazole, the presence of a -nitro-group in the 
trinitro-compound being thus established. This trinitro-compound was synthesised as 
follows : Partial reduction of 4-nitro-1-f-nitrophenylpyrazole with ammonium hydrogen 
sulphide gave 1-p-aminophenyl-4-nitropyrazole (the structure being shown by deamination 


1 Janovsky, Ber., 1891, 24, 971. 
? Bost and Nicholson, Ind. Eng. Chem. Analyt., 1935, 7, 190. 
* Crocker and Hall, J., 1955, 4489. 

* Jones, J. Amer. Chem. Soc., 1949, 71, 3997. 

5 Buchner and Frisch, Annalen, 1893, 273, 265. 

* Hiittel, Biichel, and Jochum, Chem. Ber., 1955, 88, 1582. 
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to 4-nitro-l-phenylpyrazole), which was acetylated and nitrated with nitric acid in nitro- 
methane, and finally hydrolysed to give 1-(4-amino-3-nitrophenyl)-4-nitropyrazole. The 
last was characterised by deamination to 4-nitro-l-m-nitrophenylpyrazole, and was 
oxidised with trifluoroperoxyacetic acid ? to 1-(3 : 4-dinitrophenyl)-4-nitropyrazole, identical 
with the nitration product. 

The series of 4-nitro-l-nitrophenylpyrazoles was obtained by reaction between 
sodium nitromalonaldehyde monohydrate ®* and the appropriate nitrophenylhydrazine 
hydrochloride.® 

1-Phenylpyrazole was obtained in excellent yield by condensation between 1 : 1 : 3: 3- 
tetraethoxypropane and phenylhydrazine hydrochloride, using a modification of Jones’s 
method for pyrazole.4 Ring closure with nitrophenylhydrazines gave the corresponding 
nitrophenylpyrazoles. This is a particularly simple method for the preparation of 1-o- 
nitrophenylpyrazole (cf. Dal Monte et al.®). 

All the dinitropyrazoles and both trinitropyrazoles gave colour reactions when their 
acetone solutions were treated with 5% aqueous sodium hydroxide. 


EXPERIMENTAL 


Nitration of 1-Phenylpyrazole-—A mixture of sulphuric acid (30 c.c.; d 1-84) and nitric acid 
(30 c.c.; d 1-42) was slowly added to a solution of 1-phenylpyrazole (5 g.) in sulphuric acid 
(50 c.c.; d 1°84). The mixture was heated at 100° for 30 min., then poured on crushed ice. 
The yellow solid was collected and washed. Recrystallisation from ethanol gave pale yellow 
needles (8-01 g., 82:7%), m. p. 159—161-5° undepressed on admixture with 1-(2 : 4-dinitro- 
phenyl)-4-nitropyrazole prepared as below. 


Fyrazole nitrated ; Product Yield (%) 
Nitrations at 100°, 30 min. 
RGR evsidetccsectscscecictsnccsacsoncess 7 
1-p-Nitrophemyl- ......seeeeseeeeeeeeeeseseeeeeeeeees 84 
4-Nitro-l-o-nitrophemyl- ..............seseeeeeeeees 1-(2 : 4-Dinitrophenyl)-4-nitro- 70-5 
4-Nitro-1-p-nitrophenyl- ..............ceseeeeeeeees 84 
4-Nitro-]-Phemyl- ......000...cccccccccccescerccccoees 85 
D<Ge- TEEPE evccneccce coe sccscscesetzessnedssods 7 , 57 
é-Seo-eraieaphannt saeidsieionbiniis Cadaeesioulaadicl } 1-(3 : 4-Dinitropheny!)-4-nitro- 72 
Nitrations at 12°, 30 min. 
Be. ccrascrcpesccennecsacacensecscosossssinasensss 1-p-Nitrophenyl 86 
DI oc cncccces cccngecsccsonesoscesessese 4-Nitro-1-p-nitropheny]l- 84 
Nitrations at 22°, 16 hrs. 
BORNE. Sahehisininindaceqossssecsererscupescccesetennes 4-Nitro-1-p-nitrophenyl- 76 
Pe INE dnicecnacedevencccncekousescsdessdeoe o ” 74 
RPI: ceséncccenccscaadccendccemegeceaneds 4-Nitro-l-o-nitropheny]l- 66 
PEI sitcom cosdccincsiinnincnethelaasseees 4-Nitro-1-m-nitrophenyl- 73 
1-(2 : 4-Dinitrophenyl)-  ...........secccesecceceees 1-(2 : 4-Dinitropheny])-4-nitro- 64 





1-(2 : 4-Dinitrophenyl)-4-nitropyrazole.—(a) Structure. The trinitro-compound (5 g.) in 
methanol (50 c.c.) was refluxed for 5 min. with 0-6N-methanolic sodium methoxide (60 c.c.). 
Working up was essentially that for fission of 1-(2: 4-dinitrophenyl)pyrazole (Crocker and 
Hall *), and gave 4-nitropyrazole (1-1 g.), m. p. 161—162° (from benzene), and 2: 4-dinitro- 
anisole (2-1 g.), m. p. 89—90° (from ethanol). 

(b) Synthesis. To a refluxing solution of 4-nitropyrazole (1-0 g., 0-009 mole), in ethanol 
(20 c.c.) containing potassium hydroxide (1 equiv.), was added dropwise a solution of 1-chloro- 
2 : 4-dinitrobenzene (1-8 g., 0-009 mole) in ethanol (20 c.c.). After 30 min. the solution was 
filtered from potassium chloride and set aside. The solid obtained was recrystallised from 
ethanol, giving pale yellow needles of 1-(2: 4-dinitrophenyl)-4-nitropyrazole (1-1 g., 44-7%), 


7 Emmons, J. Amer. Chem. Soc., 1954, "6, 3470. 
® Org. Synth., 1952, 32, 95. 
* Dal Monte, Mangini, and Passerini, Gazzetta, 1956, 86, 797. 
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m. p. 159—161-5° (Found: C, 39-0; H, 1-9; N, 25-4. C,H,O,N, requires C, 38-7; H, 1-8; 
N, 25-1%). 

1-(3 : 4-Dinitrophenyl)-4-nitropyrazole.—(a) Structure. The trinitro-compound (2 g.) was 
heated with 2-4n-ethanolic ammonia (20 c.c.) in a sealed tube for 2 hr. at 100°. The orange 
solid obtained, coupled, after diazotisation, with alkaline 8-naphthol to give a red dye. The 
crude amine (0-84 g.) was diazotised in sulphuric acid (10 c.c.; d 1-84) below 20° with sodium 
nitrite (0-26 g.), in sulphuric acid (2 c.c.; d 1-84). After 1 hr., the solution was diluted with 
water (12 c.c.) and poured into 31% w/w hypophosphorous acid solution (15 c.c.). De- 
amination was complete in 2 hr. and the crude product was chromatographed in benzene on 
alumina. Elution with benzene gave a pale yellow solid, m. p. 136—148°. Two recrystal- 
lisations from ethanol gave m. p. 149—150°, undepressed on admixture with 4-nitro-1-p- 
nitrophenylpyrazole. 

(b) Synthesis. (i) 4-Nitro-1-p-nitrophenylpyrazole (5-0 g.) was warmed in ethanol (200 c.c.) 
containing aqueous ammonia (20 c.c.; d 0-880) at 40°. Hydrogen sulphide was passed into 
the solution for 15 min.; the dinitropyrazole dissolved to give an orange-red solution which 
was refluxed for 30 min. The hot solution was filtered and the crystals obtained on cooling 
were collected and extracted with hot 16% hydrochloric acid (250c.c.). The extract, when made 
alkaline with ammonia, gave 1-p-aminophenyl-4-nitropyrazole as an orange solid (needles 
from ethanol) (3-0 g., 69%), m. p. 190—191° (Found: C, 52-9; H, 4:0; N, 27-3. C,H,O,N, 
requires C, 52-9; H, 3-9; N, 27-4%). 

(ii) Nitric acid (20 c.c.; d 1-5) in nitromethane (80 c.c.) was slowly added to a stirred 
suspension of 1-p-acetamidophenyl-4-nitropyrazole, m. p. 274—275° (10-0 g.), in nitromethane 
(160 c.c.) at room temperature, and after 2 hr. the solution was poured into excess of ice-water. 
The yellow precipitate, on recrystallisation from acetic acid, gave 1-(4-acetamido-3-nitrophenyl)- 
4-nitropyrazole (10-87 g., 93-5%), m. p. 215—216° (Found: C, 45-6; H, 3-6; N, 23-8. 
C,,H,O;N, requires C, 45-4; H, 3-4; N, 24-1%). This (9-0 g.) was hydrolysed in suspension 
by boiling hydrochloric acid (d 1-18), to 1-(4-amino-3-nitrophenyl)-4-nitropyrazole (7-41 g., 
97-3%), m. p. 249—250° (from acetic acid) (Found: C, 43-4; H, 2:9; N, 28-3. C,H,0O,N, 
requires C, 43-4; H, 2-8; N, 28-1%). 

(iii) Hydrogen peroxide (14-1 g.; 30%) was added during 15 min. to a suspension of the 
dinitroamine (6-2 g.) in refluxing trifluoroacetic acid (25 c.c.). After 1 hr. the solid was 
recrystallised from acetic acid, and unchanged material obtained (5-0 g.). The mother-liquor 
was diluted with water, filtered, and kept overnight, to give 0-3 g. of a yellow solid, m. p. 
135—138°. Two recrystallisations from ethanol (charcoal) gave 1-(3 : 4-dinitrophenyl)-4-nitro- 
pyrazole, m. p. 140—141° (Found: C, 39-0; H, 2-0; N, 24-8. C,H,;O,N, requires C, 38-7; 
H, 1-8; N, 25°1%). 

(iv) The amine (0-5 g.) was diazotised in sulphuric acid (d 1-84) with sodium nitrite (0-16 g.) 
and deaminated, after 1 hr., with 31% hypophosphorous acid. 1-(4-Amino-3-nitropheny])- 
4-nitropyrazole gave pale yellow plates of 4-nitro-l-m-nitrophenylpyrazole, m. p. 155—156° 
(from ethanol; charcoal). 1-p-Aminophenyl-4-nitropyrazole gave pale yellow needles of 
4-nitro-l-phenylpyrazole, m. p. 129—130° (from ethanol; charcoal). The m. p.s were un- 
depressed when mixed with the relevant authentic specimen. 

General Procedure for 4-Nitro-derivatives—Equimol. quantities of sodium nitromalon- 
aldehyde monohydrate and phenylhydrazine hydrochloride, or the relevant nitrophenyl- 
hydrazine hydrochloride, were refluxed in 80% ethanol for 30 min. Recrystallisation from 
ethanol (charcoal) gave 4-nitro-l-phenyl-, m. p. 129—130° (lit.,® 1° 126—127°), and 4-nitro-1-o-, 
m. p. 151—152-5° (lit.,® 148°), -1-p-, m. p. 149—150°, and -1-m-nitrophenyl-pyrazole, m. p. 
155—156° (Found : C, 46-4; H, 2-5; N, 24-2. C,H,O,N, requires C, 46-2; H, 2-6; N, 23-9%). 

1-Phenylpyrazole.—1 : 1: 3: 3-Tetraethoxypropane (44 g., 0-2 mole) and phenylhydrazine 
hydrochloride (28-8 g., 0-2 mole) in 95% ethanol (150 c.c.) were refluxed for 30 min., then 
worked up as for pyrazole,* to give 1-phenylpyrazole (26-1 g., 90-6%), b. p. 74°/0-05 mm. 

Nitrophenylpyrazoles—Equimol. quantities of 1: 1:3: 3-tetraethoxypropane and the 
relevant nitrophenylhydrazine hydrochloride were refluxed in 95% ethanol. The nitropyrazole 
separated out and was recrystallised from ethanol, giving l-o- (83-2%), m. p. 88—89° (lit.,® 
84—85°), l-m- (88-2%), m. p. 94—95°, and 1-p-nitrophenylpyrazole (85-0%), m. p. 169—170°, 
and 1-(2: 4-dinitrophenyl)pyrazole (73-4%), m. p. 109—110°. 

Janovsky Reaction with the Di- and Tri-nitro-compounds.—Aqueous sodium hydroxide 
1° Hill and Torrey, Amer. Chem. J., 1899, 22, 104. 
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(3.c.c.; 5%) was added to a solution of the nitropyrazole (0-1 g.) in acetone (10 c.c.) with shaking. 
The following colours were produced: 4-nitro-l-o-, reddish-orange; 4-nitro-l-m-, wine-red ; 
and -1l-p-nitrophenyl-, wine-red; 1-(2:4-dinitrophenyl)-, bluish-violet; 1-(2: 4-dinitro- 
phenyl)-4-nitro-, reddish-violet; 1-(3 : 4-dinitrophenyl)-4-nitro-, wine-red. None of the mono- 
nitropyrazoles gave a colour. 


The authors gratefully acknowledge a gift of 1: 1:3: 3-tetraethoxypropane from the 
Union Carbide International Company, New York, 17, N.Y., U.S.A. 


THE NORTHERN POLYTECHNIC, HOLLOWAY Roap, 
Lonpon, N.7. [Received, March 14th, 1957.] 





590. Higher Aliphatic Compounds. Part XI.* A Synthesis of 
DL-Ricinoleic Acid. 


By A. S. Battey, V. G. KENDALL, P. B. Lums, J. C. Smitu, and C. H. WALKER. 


Methyl 12-hydroxyoctadec-cis-9-enoate has been synthesised from 8- 
chloro-oct-l-yne and shown to be identical with methyl DL-ricinoleate 
prepared from racemised “‘ natural’’ pD-ricinoleic acid. Hydrolysis of the 
ester completes the synthesis of DL-ricinoleic acid. 

10-Hydroxyhexadec-8-ynoic acid was synthesised in the course of the 
investigation. 


RICINOLEIC ACID, the chief acid of castor oil, was shown by Goldsobel ! to be 12-hydroxy- 
octadec-9-enoic acid, and not 12-hydroxyoctadec-10-enoic acid as proposed by Krafft.? 
Oxidation at the double bond by modern methods ® has confirmed the Goldsobel formula. 

Total syntheses of pL-ricinoleic atid were briefly announced (Crombie and Jacklin ; * 
Kendall, Lumb, and Smith 5) in August 1954 and by Gensler and Abrahams ® in 1957. 
The present memoir gives details of the second of these syntheses. 

The main obstacle to the synthesis has been the difficulty of building the 
*CH(OH)-CH,°CH:CH: system into the C,, chain. m-Heptaldehyde, one of the products of 
pyrolysis of ricinoleic acid, is an obvious starting material, but a Reformatsky reaction 
with 1-bromo-9-chloronon-2-yne (II) led mainly to a branched-chain product, an allene, 
(III) (cf. Wotiz *). The successful route involved a Grignard reaction between n-hexyl- 
magnesium bromide and a Sy-olefinic aldehyde (VI). 

From 1-chloro-6-iodohexane, by the acetylene synthesis,’ the lithium derivative of 
8-chloro-oct-l-yne (I) was prepared and, in a slow reaction with bromoacetaldehyde 
dimethyl acetal, gave 10-chloro-1 : 1-dimethoxydec-3-yne (IV). All methods of hydrolys- 
ing this acetal caused simultaneous hydration of the triple bond, but the corresponding 
cis-olefinic acetal (V) could be hydrolysed normally with aqueous tartaric acid. Reaction 
of the aldehyde (VI) with »-hexylmagnesium bromide gave the olefinic alcohol (VII) in 
which the chlorine could be exchanged for iodine. A malonic ester synthesis from the 
iodo-compound, followed by hydrolysis and decarboxylation, gave a gum which, esterified 
and fractionally distilled, gave a small yield of methyl pL-12-hydroxyoctadec-9-enoate, 
m. p. —17° to —15°, n® 1-4631. Methyl pi-ricinoleate, prepared from the “ natural ”’ 
p-acid by racemisation at the CH(OH) group, melted at —13-5° and had n° 1-4631; methyl 


* Part X, J., 1952, 5032. 


1 Goldsobel, Ber., 1894, 27, 3121. 
2 Krafft, Ber., 1888, 21, 2730. 
* Haller and Brochet, Compt. rend., 1910, 150, 496; Brady, J. Amer. Chem. Soc., 1939, 61, 3464; 
Scanlan and Swern, ibid., 1940, 62, 2309. 
* Crombie and Jacklin, (a) Chem. and Ind., 1954, 1197; (6) J., 1955, 1740. 
5 Kendall, Lumb, and Smith, Chem. and Ind., 1954, 1228. 
® Gensler and Abrahams, ibid., 1957, 47. 
7 Wotiz, J. Amer. Chem. Soc., 1951, 78, 693. 
’ Ahmad, Bumpus, and Strong, ibid., 1948, 70, 3391. 
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p-ricinoleate melts * at —4°, with 21-4629. In the infrared spectrum of the synthetic ester 
there was a weak band at 10-15 », due to some conjugated dienoic ester not completely 
removed by the fractional distillation. Otherwise there was identity of the spectra of 
synthetic and “ natural” methyl ricinoleate. Hydrolysis of the synthetic pL-ester 
(refluxing for 2-5 hr. with methanolic potassium hydroxide) and distillation of the brownish 





CI-[CH,]," 
Na-C=CH 

(1) CHCH-C=CH ESO crtcHy-C=C-CH.Br (11) 
Li; Br-CH,-CH(OMe), is [icrcnin 


(IV) Cl[CH,]},°C=C-CH,-CH(OMe), — CI-[CH,],°C(=C=CH,)-CH(OH)*[CH,],°CH, (TTT) 

| Lindlar catalyst 
Hy 

c H+ 

(V) Cl{CH,],°CH=CH-CH,-CH(OMe), ——+ Cl-[CH,],°CH=CH-CH,-CHO (VI) 


BrMg-[CH,],"CH; 


(VII) Clf[CH,],°CH=CH-CH,°CH(OH)-[CH,],°CH, 


Nal; NaCH(CO,Me), 


(VIIT) (MeO,C),CH-[CH,],-CH=CH-CH,-CH(OH){CH,],-CH, 


OH-; heat; MeOH-HClI 
(IX) MeO,C-[CH,],,CH=CH-CH,°CH(OH)[CH,],CH, 


product gave an acid of the expected carbon and hydrogen content. The infrared spectrum 
was identical with that of natural pD-ricinoleic acid except for weak absorption at 10-1 u, 
as with the synthetic methyl ester. The melting point was 3°, whereas the D-acid melts 
at 5°, with polymorphous forms (more difficult to obtain) of m. p.s 7° and 16— 
17°. Addition of the synthetic acid to twice its bulk of D-acid (m. p. 16—17°) gave a 
mixture of m. p. 16—17°, but there was insufficient material for further experiments. 
pL-Ricinoleic acid, m. p. 23—24-5°, was later obtained by racemisation of the D-acid via 
12-oxo-octadec-9-enoic acid (Crombie and Jacklin® give m. p. 23—24°; Gensler and 
Abrahams ® give m. p. 22—24°). From this racemised acid the methyl ester was prepared : 
it melted, after low-temperature crystallisation, at —13-5°. On rapid hydrolysis with 
methanolic potassium hydroxide it gave back the pi-acid, melting (crude) at 15—17° and, 
after recrystallisation from ether-light petroleum, at 22-5—24-5°, thus completing the 
synthesis of DL-ricinoleic acid. 
Ec-MgBr; 


(I) CI{CH,],-C=CH & Cl-[CH,],-C=C-CH(OH)[CH,],-CH, (X) 
CH,[CH,],-CHO 





Nal; NaCN; OH- 


PrO, 
(XII) HO,C-[CH,],CH(OH)-[CH,],-CH, <——— HO,C-[CH,],-C=C-CH(OH){CH,],-CH, (XI) 
H 
HBr; Zn-AcOH : 
(XIII) HO,C[CH,],,-CH, 


During the early stages of this work the reaction between the acetylenic Grignard 
reagent from 8-chloro-oct-l-yne (I) and n-heptaldehyde was investigated. The product, 


® Brown and Green, J]. Amer. Chem. Soc., 1940, 62, 738. 
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1-chloropentadec-7-yn-9-ol (X), was converted by the cyanide synthesis into 10-hydroxy- 
hexadec-8-ynoic acid (XI), which was shown [by reduction through 10-hydroxyhexa- 
decanoic acid (XII) to palmitic acid (XITII)] to have a normal chain. 


EXPERIMENTAL 


1-Chloro-6-iodohexane.—Hexane-1 : 6-diol (m. p. 41°) was converted by thionyl chloride and 
pyridine into the dichloride (95%; b. p. 92°/18 mm., un? 1-4570—1-4574) which with sodium 
iodide in acetone gave the chloroiodide (34%), b. p. 85°/2 mm., 61°/0-32 mm., n? 1-5232— 
1-5238. Recovered dichloride was used again, so that finally a 50% conversion of diol into 
chloroiodide was achieved. Raphael and Sondheimer ? give b. p. 73—74°/0-7 mm. and ni 
1-5248. Crombie and Jacklin ” give n?! 1-5234—1-5245. 

8-Chloro-oct-l-yne, prepared by the interaction of 1-chloro-6-iodohexane and sodium 
acetylide in liquid ammonia, had b. p. 69—70°/10 mm., 87—88°/21 mm., n?? 1-4534—1-4542. 
Raphael and Sondheimer * give b. p. 73—76°/10 mm., }? 1-4590. With alkaline potassium 
mercuri-iodide solution it gave spear-shaped crystals of the mercuric salt, m. p. 39—40°. 

10-Chloro-1 : 1-dimethoxydec-3-yne.—To a suspension of lithamide (from 2-5 g. of lithium, 
1-03 atom-equiv.) in liquid ammonia (800 ml.), a solution of 8-chloro-oct-l-yne (50 g., 1 mol.) 
in dry ether (125 ml.) was added during 1 hr., and stirring continued 4hr. After most of the 
ammonia had evaporated (overnight) pure dioxan (350 ml.) was added and the mixture refluxed 
for 1 hr. while a slow current of nitrogen swept out the ammonia. Bromoacetaldehyde dimethyl 
acetal (72 g., 1-22 mol.) in dioxan (85 ml.) was added slowly with stirring; refluxing was 
continued for 30 hr. under nitrogen. After removal of most of the dioxan the solution was 
poured into water and the mixture extracted ‘with ether (3 x 200 ml.). The extract, after 
filtration, was washed with water, dried (MgSO,), and evaporated and the residue distilled 
rapidly (oil-pump). Redistillation through a Vigreux column gave 10-chloro-1 : 1-dimethoxydec- 
3-yne (24-5 g., 30%), b. p. 113°/0-5 mm., n? 1-4677—1-4687 (Found: C, 61-6; H, 9-2; Cl, 14:8. 
C,.H,,0,Cl requires C, 61-9; H, 9-0; Cl, 15-2%). The corresponding diethyl acetal, made from 
di-(8-chloro-oct-l-ynyl) mercury via thé lithium salt (cf. Lumb and Smith !") and reaction with 
bromoacetaldehyde diethylacetal in 33% yield, boiled at 106—110°/0-02 mm. and had n? 
1-4638 (Found: C, 64-3; H, 9-4; Cl, 13-4. C,H,,0,Cl requires C, 64-4; H, 9-6; Cl, 13-6%). 
Hydrolysis of these acetals under a wide variety of conditions resulted in hydration of the triple 
bond : the products reacted with approx. 14 mol. of 2 : 4-dinitrophenylhydrazine. 

10-Chloro-1 : 1-dimethoxydec-3-ene.—A solution of the acetylenic chloride (3-75 g.) in 
purified light petroleum (b. p. 80—100°; 12 ml.) was shaken with Lindlar’s * palladium—lead 
catalyst (0-5 g.) and hydrogen at 2atm. After 2 hr. no more hydrogen was absorbed and, by 
distillation at 92—94°/0-3 mm., a viscous oily ethylene was obtained (average n7? 1-4631; yield 
95%) (Found: C, 61-5; H, 9-75. C,,H,,0,Cl requires C, 61-4; H, 9-85%). 

10-Chlorodec-3-enal.—10-Chloro-1 : 1-dimethoxydec-3-ene (2-0 g.), refluxed for 1 hr. with 
saturated aqueous tartaric acid (30 ml.),1* gave an orange oil which, isolated with ether, boiled 
at 98°/0-7 mm. and had n? 1-4764. The oil rapidly gave Schiff’s test and yielded a 2: 4-di- 
nitrophenylhydrazone, orange-red needles (from methanol), m. p. 108-5° (Found: N, 14-9. 
C,,H,,0,N,Cl requires N, 15-2%). The semicarbazone, recrystallised from aqueous ethanol, 
but not analysed, melted at 148°. 

16-Chlorohexadec-9-en-7-ol.—-A suspension of 10-chloro-1 : 1-dimethoxydec-3-ene in saturated 
aqueous tartaric acid was maintained for 30 min. near reflux temperature and stirred with a 
current of nitrogen. The mixture was then steam-distilled for 3 hr. under nitrogen and, when the 
distillate (at 600 ml.) no longer gave a positive Schiff’s test within 30 sec., the oily aldehyde was 
extracted with ether, and the extract washed with water and dried (MgSO,). After evapor- 
ation, finally by heating in vacuo (oil-pump), the residue (10 ml.) was added in dry ether (under 
nitrogen) to a solution of »-hexylmagnesium bromide (from 8-7 g. of m-hexyl bromide of n? 
1-4480, and 1-3 g. of magnesium in 50 ml. of dry ether). This mixture boiled during the 
addition and was heated under reflux for 1 hr. longer, then left for 12 hr., always under nitrogen. 
Worked up in the usual way it gave a sweet-smelling, yellow oil from which a main fraction 
(4:1 g.) of n® 1-4709 and b. p. 124—152°/0-6 mm., was obtained. (The b. p. varied greatly with 

10 Raphael and Sondheimer, J., 1950, 2100. 

11 Lumb and Smith, J., 1952, 5032. 

12 Lindlar, Helv. Chim. Acta, 1952, 35, 446. 

13 Fischer and Léwenberg, Annalen, 1932, 494, 272. 











3030 Bailey, Kendall, Lumb, Smith, and Walker. 











the rate of distillation.) A viscous residue (2-9 g.) remained. Redistillation gave 3-3 g. of b. p. 
126—148°, with constant nf 1-4710. The yield was 30%, calculated on the acetal (Found: C, 
70-0; H, 11-1; Cl, 12-75. C,H ,,OCl requires C, 70-0; H, 11-3; Cl, 12-99%). Refluxing two 
batches of this chlorohexadecenol with sodium iodide in acetone and working up in the usual 
way gave the crude iodo-analogue. 

Dimethyl 10-Hydroxyhexadec-7-enylmalonate——A solution of dimethyl malonate (3-9 g., 
1-6 mol.; x7 1-4138) in pure benzene (40 ml.) was added to a suspension of powdered sodium 
(0-53 g., 1-3 g.-atom) in benzene (10 ml.) and the mixture refluxed for 4 hr. under nitrogen. 
16-Iodohexadec-9-en-7-ol (6-4 g., 1-0 mol.; 7 1-5052) in pure benzene (20 ml.) was added and 
boiling continued for 20 hr. under nitrogen. "The resulting dimethyl ester was an oil (6-3 g.), 
b. p. 160—170°/0-1 mm., n? 1-4739, containing a trace of halogen. 

Methyl vi-Ricinoleate—The dimethyl hydroxyhexadecenylmalonate, without purification, 
was hydrolysed by being kept for 24 hr. in 3% methanolic potassium hydroxide (40 ml.). 
Decarboxylation of the product at 120—160° in a vacuum left a gum (4 g.) which was esterified 
(to allow distillation) by refluxing for 24 hr. in methanol (50 ml. containing 1 g. of hydrogen 
chloride). The ester (4 g.) was distilled rapidly in small batches at 0-005 mm., and then 
redistilled through a micro-Vigreux column. The main fraction, b. p. 157—160°/0-005 mm., 
had n? 1-4632 (Found : C, 73-0; H, 11-2. Calc. for methyl ricinoleate, C,,H3¢Qs : C, 73-1; H, 
11-5% ay This oil froze at — 20° and melted at —17° to —15° (wrongly given as —7° to —5° in 
ref. 5). As methyl pt-ricinoleate, from racemised D-ricinoleic acid, was not at the time 
available, the synthetic DL-ester was compared with the “ natural’’ p-ester. Addition of a 
small amount of the D-ester (m. p. —4°) to the synthetic ester changed the m. p. to —16° to 
—14°. The refractive indices of the esters were nu? 1-4631 (synthetic) and 1-4629 (natural) ; 
the infrared spectra were superposable, except for slight absorption at 10-15 u in the synthetic 
ester. Methyl pi-ricinoleate, prepared from racemised ricinoleic acid, had m. p. —13-5° and 
n>? 1-4631. Hydrolysis of the synthetic methyl Dt-ricinoleate (0-26 g.) by refluxing 6% 
methanolic potassium hydroxide (2 ml.) for 2} hr. caused some darkening. The resulting 
acid distilled at approx. 180°/0:005 mm. (Found: C, 72-6; H, 11-1. Calc. for 
C,3H,,0,: C, 72-5; H, 11-4%). Apart from a weak band at 10-1 » (probably due to dienoic 
acid, as indicated also by the slightly high refractive index, 1-4728, instead of 1-4717) the infra- 
red spectrum was identical with that of the p-acid. The m. p. was 3° and, in the expectation 
that the substance could exist in a high-melting polymorphous form, one drop of the synthetic 
acid was mixed with a partly molten specimen of the $-form (m. p. 16—17°) of D-ricinoleic acid. 
After the mixture had been stirred and cooled it melted at 16—17°. Unfortunately there was 
insufficient material left for recrystallisation : it should have been possible to raise the m. p. of 
the synthetic acid to 23°. As the following experiments show, a “ relay’’ was provided by 
converting natural p-ricinoleic acid into the pL-acid and this into methyl pDL-ricinoleate. The 
ester was then successfully hydrolysed. 

p-Ricinoleic Acid.—The commercial ricinoleic acid, from castor oil, was converted into 
methyl acetylricinoleate by Rider’s procedure,'* and the fraction of b. p. 180—185°/0-3 mm., 
ny 1-4549, accepted. 

This ester (87 g.) in a mixture of potassium hydroxide (56 g.), water (25 ml.), and methanol 
(250 ml.) gave, after 10 minutes’ refluxing, orange-coloured ricinoleic acid (72 g., 96%), m. p. 
5—7°, ni? 1-4720. Recrystallised from acetone at —50° it yielded colourless p-ricinoleic acid, 
ny 1- 4717, m. p. 5° (y-form), 7—8° («-) and, after prolonged stirring at 7°, m. p. 16—17° (8-). 
Haw ke 15 gives m. p.s 5-0°, 7-7°, and 16-0° respectively. The acid, in small batches, could be 
distilled, b. p. 180°/0-005 mm. (approx.), and the distillate had n? 1-4718. Refluxing the pure 
acid for 10 hr. with methanol and hydrogen chloride gave the methyl ester which, recrystallised 
from acetone at — 50°, melted at —4° and had n? 1-4629. Brown and Green ® give m. p. —4°. 

DL-Ricinoleic Acid and Methyl pi-Ricinoleate from D-Ricinoleic Acid, via the Keto-acid.— 
Purified p-ricinoleic acid (60 g., m7? 1-4720; 1 mol.) in acetic acid (150 ml.) was oxidised at 
14—15° with chromium trioxide (14-5 g., 0-7 mol.) in water (10 ml.) and acetic acid (100 ml.), 
following Ellis’s procedure.'* The product, recrystallised from 80% ethanol and then from 
light petroleum (b. p. 40—60°), formed prisms (7 g.; m. p. 38—39°; rapidly oxidising in the 
air). Crombie and Jacklin ® give m. p. 38—39-5°; Ellis }* gives m. p. 39°. Toa solution of 

14 Rider, J. Amer. Chem. Soc., 1931, 58, 4130. 


18 Hawke, J. S. — Chem. Inst., 1949, 2, 1 and 125. 
16 Ellis, J., 1950, 
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potassium borohydride (2-0 g.) in methanol (200 ml.) at 5° the keto-acid (7 g.) in methanol 
(70 ml.) was added gradually. After 2 hr. a further 2-0 g. of potassium borohydride were 
added and the temperature was kept for 2 hr. at M°. Acidification with cold hydrochloric acid 
yielded an oil which slowly crystallised. Recrystallisation from a mixture of ether-light 
petroleum at —30° gave pL-ricinoleic acid, m. p. 23—24-5°, n° (supercooled) 1-4716, 25 1-4702. 
Crombie and Jacklin “ give m. p. 23—24°, nl? 1-4723; Gensler and Abrahams ° give m. p. 22— 
24°, n° 1-4702. 

The pure pt-acid (6-3 g.), refluxed with 3% methanolic hydrogen chloride for 24 hr., gave 
5-85 g. of ester, b. p. 166°/0-1 mm., m. p. —15° to —14°. Two recrystallisations at —50° from 
acetone gave a product, m. p. —13-5°, n> 1-4631 (Found: C, 73-55, 72-8; H, 11-5, 11-3. Cale. 
for C,,H;,0O,: C, 73-1; H, 11-5%). 

Hydrolysis. To a solution of potassium hydroxide (1-5 g.) in water (1 ml.) and methanol 
(4 ml.), methyl DL-ricinoleate (2 g.) in methanol (3 ml.) was added and the mixture refluxed for 
6min. The cooled mixture was added to water and the pale yellow acid (m. p. 16—19°) isolated 
by ether-extraction. Recrystallisation from ether-light petroleum at —30° gave colourless 
plates of the pL-acid, m. p. 22-5—24-5°. 

Reformatsky Reaction with 1-Bromo-9-chloronon-2-yne.—9-Chloronon-2-yn-1-ol. <A filtered 
solution of ethylmagnesium bromide (from 5-2 g. of magnesium and 27 g. of ethyl bromide) was 
added gradually to a stirred solution of 8-chloro-oct-l-yne (29 g.) in ether (100 ml.). Ethane 
was evolved and the mixture was refluxed for 2 hr.; it was then cooled to 0° and a slow stream 
of dry formaldehyde (16 g.) and nitrogen was passed in. After 3 hr. at 0° the mixture was left 
overnight; it gave, as main product, the alcohol (19-9 g., 66%), b. p. 113°/1 mm., n? 1-4760 
(Found : C, 61-4; H, 8-8; Cl, 20-1. C,H,,OCl requires C, 61-8; H, 8-7; Cl, 20-3%) (cf. Lai +’). 
Oxidation in light petroleum with fresh, dry manganese dioxide gave the corresponding 
aldehyde, which yielded a semicarbazone crystallising from aqueous alcohol in plates, m. p. 88° 
(Found: C, 51-9; H, 6-7; Cl, 15-4. C,9H,,ON,Cl requires C, 52-2; H, 7-0; Cl, 15-4%). 

1-Bromo-9-chloronon-2-yne. 9-Chloronon-2-yn-1-ol (15-0 g.), dry pyridine (1 ml.) and dry 
ether (15 ml.) were stirred and cooled in ice-salt while phosphorus tribromide (11-7 g.) in dry 
ether (7 ml.) was run in during 1 hr.; the mixture was then heated for 2 hr. on a steam-bath. 
The product, a yellow oil, gave a main fraction (15-4 g., 75%), b. p. 99—102-5°/0-5 mm., n? 
1-5089 (Found: C, 45-7; H, 5-86; Cl-+ Br, 47-6. C,H,,BrCl requires C, 45-6; H, 5-9; 
Cl + Br, 48-7%). 

Reformatsky Reaction with n-Heptaldehyde (cf. Zeile and Meyer 1*).—The exothermic reaction 
between 1-bromo-9-chloronon-2-yne, zinc wool, and -heptaldehyde in benzene at the b. p., 
yielded, as main fraction, an alcohol, b. p. 130—134°/0-02 mm., n?? 1-4807, which did not solidify 
even at —70° (Found: C, 69-4; H, 10-8; Cl, 12-9. C,,H,,OCI requires C, 70-3; H, 10-7; Cl, 
13-0%). Exchange of chlorine for iodine followed by a malonic ester synthesis, hydrolysis, and 
decarboxylation yielded an acid which did not solidify. (pL-Ricinstearolic acid, the expected 
product, melts at 51—52°.**) This acid was reduced only slowly with Raney W7 nickel }* and 
hydrogen. (12-Hydroxystearic acid, m. p. 79°,2° was not detected.) As the infrared spectrum 
showed strong absorption at 5-1 u and medium absorption at 11-8 u it was obvious that an 
allene was present. 

Synthesis of 10-Hydroxyhexadec-8-ynoic Acid.—15-Chloropentadec-8-yn-7-ol. The solution of 
ethylmagnesium bromide obtained from ethyl bromide (15-3 g., 1-4 mol.) and magnesium 
(3-25 g., 1-35 g.-atom) in pure ether (75 ml.) was filtered into a dropping funnel and transferred 
to a flask fitted with stirrer, reflux condenser, and a nitrogen inlet. 8-Chloro-oct-l-yne (14-5 g., 
1 mol.) in ether (25 ml.) was added and the stirred mixture refluxed for 2 hr. Freshly distilled 
n-heptaldehyde (16 g., 1-4 mol.; b. p. 53-5—54-5°/20 mm.) in ether (50 ml.) was run in during 
40 min., the mixture being stirred for 5 hr. at 0°. After 12 hr. at room temperature the mixture 
was decomposed with ammonium chloride solution, yielding an oil (31-7 g.). Distillation 
through a 10-cm. Vigreux column gave a main fraction (19-9 g.) of b. p. 132—134°/0-02 mm., 
n® 1-4735. By redistillation an alcohol of b. p. 128—129°/0-01 mm., n?? 1-4737, m. p. —3° to 
—1-5°, was obtained (Found: C, 69-5; H, 10-4; Cl, 13-8. C,;H,,OCI requires C, 69-6; H, 
10-5; Cl, 13-7%). 


17 Lai, Bull. Soc. chim. France, 1933, 58, 682. 

18 Zeile and Meyer, Ber, 1942, 75, 356. 

1 Billica and Adkins, Org. Synth., 1942, 29, 24. 
2° Tomecko and Adams, J. Amer. Chem. Soc., 1927, 49, 527. 
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10-Hydroxyhexadec-8-ynoic acid. The foregoing chloride and sodium iodide in acetone gave 
the iodo-compound (13 g.) which was refluxed in ethanol (30 ml.) with sodium cyanide (5 g.) in 
water (7 ml.) for 48 hr. under nitrogen. The crude nitrile (9-3 g.) was refluxed with potassium 
hydroxide (10 g.), water (15 ml.), and ethanol (100 ml.) for 48 hr. under nitrogen. From the 
waxy, acidic product low-temperature crystallisation from acetone gave slow-growing crystals 
of acetylenic acid, m. p. 35° (Found: C, 71-4; H, 10-15. C,,H,,O; requires C, 71-6; H, 
10-45%), and the p-bromophenacyl ester, recrystallised from aqueous ethanol, melted at 66° 
(Found : C, 62-0; H, 7-1; Br, 17-35. C,,H;,0,Br requires C, 61-9; H, 7-1; Br, 17-2%). 

10-Hydroxyhexadecanoic acid. 10-Hydroxyhexadec-8-ynoic acid (1-12 g.) in ethanol (100 
ml.), shaken with Adams catalyst (0-1 g.) and hydrogen (5 atm.) for 3 hr., gave the saturated 
acid (1-10 g.) which, recrystallised from benzene, melted at 71—72° (Found: C, 71-0; H, 11:8. 
C,gH 3,0, requires C, 70-6; H, 11-8%). The p-bromophenacyl ester, glistening plates from 
aqueous alcohol, melted at 98—99° (Found: C, 61-1; H, 7-95; Br, 17-4. C,,H;,O,Br requires 
C, 61-3; H, 7-9; Br, 17-1%). 

This acid (0-5 g.) was heated for 3 hr. under reflux with hydrobromic acid (5 ml.; d 1-5) and 
sulphuric acid. The oily bromo-acid, isolated by dilution and then extraction with ether, was 
dissolved in acetic acid (15 ml.), and zinc dust was added in small portions during 8 hr. After 
dilution with water and extraction with ether the mixture yielded a waxy solid which, recrystal- 
lised at 0° from light petroleum (b. p. 60—80°), formed plates (0-1 g.) of m. p. 61-5—61-8°. 
Addition of pure palmitic acid, m. p. 63-0°, gave a mixture of m. p. 62—63°. 
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591. Amine Oxidation. Part I. The Side-chain Oxidation of 
N-Alkyl- and NN-Dialkyl-anilines by Manganese Dioxide. 


By H. B. HEeNnBeEst and A. THOMAS. 


Alkyl- and dialkyl-anilines are oxidised by manganese dioxide at room 
temperature, the three reactions discerned being (a) amide formation, 
(b) dealkylation with formation of an aliphatic aldehyde, and (c) dehydrogen- 
ation followed by oxidative cleavage of the resultant enamine. With many 
amines the reaction takes essentially a single course and good yields of 
oxidation products can be isolated. 

The oxidising power of solid manganese dioxide is shown to vary with 
the reaction under examination. 


Apart from the report ? that hydrohydrastinine is not oxidised by manganese dioxide and 
a preliminary account * of the oxidation of the alkaloid, tazettine, the possibilities of 
oxidising éert.-amines with this reagent do not seem to have been investigated. The 
present study developed from the observation that an exothermic reaction took place on 
addition of manganese dioxide to dimethylaniline * at 20°. The crude product exhibited 


Ph-NMe, —— Ph-NMe’CHO (I) 


carbonyl absorption near 1680 cm.-!, and subsequent isolation of N-methylformanilide (I) 
confirmed the oxidation of a side-chain methyl group. After a suitable general procedure 


* In this paper, all mono- and di-alkylanilines are the N-alkylated compounds. 


1 Cf. Chem. and Ind., 1956, 1097. 


* Highet and Wildman, J]. Amer. Chem. Soc., 1955, 77, 4399. 
2 Idem, Chem. and Ind., 1955, 1159. 
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had been developed, various alkylated anilines were submitted to oxidation, and from 
these experiments three main types of conversion have been discovered : 


(a2) >NMe —»> >N-CHO 
(b) >N-CH,R ——» >NH + OHC'R 
(c) >N-CH,*CH,R ——> [>N-CH:CHR] —» >N-CHO + OHC-R 


Conversion (a) is well exemplified by the oxidation of dimethylaniline to N-methy]l- 
formanilide in nearly 80% yield. Monomethylaniline was oxidised analogously, giving 
formanilide in over 80% yield. Azobenzene (2-5%) was also isolated from this last 
reaction : its formation is thought to be due to dealkylation (conversion 8) to aniline, which 
is then oxidised to the azo-compound; this type of oxidation has been effected with 
several aromatic primary amines, including aniline. 

Introduction of the -methyl group into dimethylaniline somewhat facilitated (see 
below) the oxidation to the N-formyl compound, but a #-nitro-substituent completely 
inhibited the reaction at room temperature. Thus it appears that the “ availability ” of 
electrons on nitrogen is of importance in promoting the reaction, and is analogous to the 
relative stability of N-acyl anilines, the end-products of most of the present oxidations. 
In the case of p-nitrodimethylaniline, preferential adsorption of the nitro-group on to the 
oxide surface might also be inhibiting the reaction. 

In the oxidation of diethylaniline (ITI), conversion (6) became the predominant initial 
reaction, acetaldehyde (54%) being isolated by passing nitrogen through the reaction 
mixture. Stages in the formation of oxidation products from this amine may be 
represented at present as annexed. 

Oxidation of the more highly branched isopropyl- and #ert.-butyl-anilines (kindly 
supplied by Dr. T. H. H. Quibell) gave highly coloured polymeric materials. 

Among the reagents previously shown to dehydrogenate tertiary amines may 
be mentioned chromic acid,®> mercuric acetate,* and halogenated #-benzoquinones.’ 
Dehydrogenation of ethylaniline to the vinylaniline is at present postulated to explain the 


b pranene bea [Ph-NH,] ——> Ph-N,-Ph (3%) 


+ sania 
[Ph‘NH-CH:CH,] ——» Ph:NH-CHO (65%) 
Ph-NEt, 





re) 
(11) i 
[Ph-NEt-CH:CH,] ——» Ph-NEt-CHO (4%) ch’ ye! 
| CK CHICH-NEtPh (7% 
III 
Chlioranil 8 ( ) 


formation of formanilide: the possible involvement of other intermediates such as 
N-ethylideneaniline cannot be discussed on the evidence so far available. 

In agreement with the main route postulated by us, separate oxidation of mono- 
ethylaniline afforded formanilide (70%), with smaller quantities of acetaldehyde and 
azobenzene. The minor amide product from diethylaniline was N-ethylformanilide formed 
by conversion (c). Evidence for an enamine intermediate in this oxidation was obtained 
by a reaction in the presence of chloranil with which the enamine afforded the blue 
quinone ? (III). (The oxidation of another enamine is described below.) 

Conversions (a) and (0) being the major routes for the oxidation of dimethyl- 
and diethyl-aniline respectively, it was not surprising to find that ethylmethylaniline (IV) 

* Haslam and Quibell, unpublished work; Haslam, Ph.D. Thesis, Manchester, 1953. 

5 Willstatter and Marx, Ber., 1905, 38, 1772. 


6 Leonard, Millar, and Thomas, J. Amer. Chem. Soc., 1956, '78, 3463, and earlier papers. 
? Buckley and Henbest, Chem. and Ind., 1956, 1096. 
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underwent both types of reaction. 1-Phenylpyrrolidine, structurally related to diethyl- 
aniline, also gave formanilide on oxidation, but the yield was lower (48%). 


b 
Ph:NEt-CHO ««——— Ph-NMeEt (IV) ——> [Ph-NHMe] ——> Ph:NH:CHO 


The presence of the nitrogen atom is obviously essential for the occurrence of 
dehydrogenation (conversion c) under these mild conditions, and in the expectation that a 


(V) Ph:NMe-[CH,],-NPhMe ——s 2Ph-NMe-CHO 


 * c 
(VI) Ph‘N — N-Ph —— OHC-NPh-[CH,],-NPh-CHO 
second amino-grouping in a §-position should promote this type of reaction, the 
diamines (V) and (VI) were prepared. Both gave high yields of N-formyl compounds. 
(VII) Ph-CH:CH-N(CH,Ph), ——» Ph-CHO + OHC-N(CH,Ph), 


Further evidence for the enamine fission postulated as the second stage of conversion (c) 
was obtained by oxidation of NN-dibenzylstyrylamine (VII) which very readily gave the 
expected products. Hydroxylation is an obvious initial stage in the enamine fission and 

(VIII) Bu®O-CH:CH, ——» [Bu"OH] ——» Me-CH(OBu"), (IX) 
vic.-glycols are known § to be cleaved by manganese dioxide. The rapid cleavage of the 
enamine (VII) suggested that a compound containing a similar ether system should also be 
oxidised. m-Butyl vinyl ether (VIII) on treatment with manganese dioxide yielded 
Y i 
(X) Ph‘N ©—— OHC-NPh’CH,-CH,-OH (XI) 

acetaldehyde di-n-butyl acetal (IX), clearly formed by addition of the intermediate butanol 
to unchanged vinyl ether. 4-Phenylmorpholine (X) containing amine and ether functions, 
afforded the N-formyl-alcohol (XI) in high yield. 

A somewhat more detailed discussion of some of these reactions may be made in terms 
of hydroxylated intermediates. It seems not unlikely that carbinolamines can be formed 
as intermediates, the ensuing fate of each carbinolamine depending on its structure; for 
the carbinolamines from N-methyl and N-ethyl compounds, a choice between reaction 
paths (a’) and (0’) is available : 

? 
SN:CHO 
>NMe —— [>N‘CH,"OH] Fa nil 
re SNH + CH,O 


SNE [>N-CHMe-OH] 7 DNCOMe 

t ——> -CHMe- 

“ ~~ Lip NH + OHC-Me 
y 

The relative rates of these two reactions will depend on steric and other factors which need 

not be discussed at present. 

In the second stage of conversion (c), cleavage (c’) of the intermediate glycol structure is 
evidently more rapid than its oxidation by a reaction of type (a’) or isomerisation by a 
reaction of type (0’) : 

i---> >N-CO-CH(OH)- 
iy’ 
SN-CH:CH- ——»> sditeniaiaiaaniaie in NH + OHC-CH(OH)- 
=> SN‘CHO + OHC- 


® Padilla and Herran, Bol. Inst. Quim. Univ. nac. auton. México, 1956, 8, 3. 
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On the other hand, in the second stage of the oxidation of unsaturated ethers (e.g., VIII), 
formation of an alcohol from the glycol (b’ reaction) can be assisted by the greater ease of 
separation of the oxy-anion (-OH more acidic than >NH) : 


= -O-CO-CH(OH)- 
1b’ 
~O-CH:CH- ——» [-O-CH(OH)-CH(OH)-] ——» -OH + OHC-CH(OH)- 
i --t-O-CHO + OHC- 
c 


This scheme appears to provide the best explanation for the intermediate formation of 
butan-l-ol from n-butyl vinyl ether (VIII); the possibility that the alcohol arises by 
further oxidation of n-butyl formate (formed by a c’-type reaction from the initial glycol 
derivative) can be ruled out by the comparative stability of this ester to the oxidising 
agent. The oxidation of 4-phenylmorpholine (X) may now be envisaged as follows, 
previous work ® having shown that compounds containing a -CH(OH)-CO- grouping are 
cleaved by the reagent : 


OH OH 
CH—CH 
" ie. A * 
(X)—— | Ph'N O | ——» | Ph'N oO |— 
a ‘. a 
CH,° CH, 
CH(OH)-CHO CHO 
4 a 
Ph:N ——» Ph'N (XI) 
* \ 
CH,°CH,"OH CH,°CH,"OH 


The essential features of the oxidation of tazettine * may be represented as : 
>C(OH)-CH,"-NMeR ——> [>C(OH)-CH(OH)-NMeR] ——» >CO + OHC-NMeR 


As amine oxides can be isomerised to secondary amines and carbonyl compounds 
(probably via carbinolamines) in the presence of some metallic salts, the N-oxides of 
dimethyl- and diethyl-aniline were treated with manganese dioxide in order to test the 
possibility that conversions (a) and/or (0) proceeded via such intermediates. Dimethyl- 
aniline N-oxide was recovered unchanged, showing that it was not involved as an 
intermediate in the formation of N-methylformanilide. Diethylaniline N-oxide gave 
formanilide in lower yield (25%) than the parent amine and it seems, therefore, that there 
must be another route available for the production of formanilide from the tertiary amine. 

The general procedure for the oxidation of the alkylanilines was to stir a chloroform 
solution of the amine with the dioxide, an amine : dioxide ratio of 1 : 50 being used; this 
large ratio had been found to be necessary to give complete oxidation of dimethylaniline. 
However, for dimethyl-p-toluidine less oxide was necessary. In this way a comparison of 
various reactions has shown that the amount of oxygen available from a given weight of 
manganese dioxide varies with the nature of the organic substrate. 

The following approximate amounts of manganese dioxide afford 16 g. of available 
oxygen for oxidation of the given organic compounds : 


Dioxide (g.) Substance Dioxide (g.) Substance Dioxide (g.) Substance 
600 ¢ Tetrachloroquinol 950 NH,Ph ¢ 3000 NPhMe, 
800° Allylic alcohols 1500 (VII) 23,000 ¢ CH,Ph-NMe, 

2700 p-C,H,Me-NMe, 


* Unpublished work. & Average value computed from the literature, including ref. 4. 


Thus only a small fraction of the oxygen in manganese dioxide is available for the oxid- 
ation of organic compounds at room temperature. Various other metal oxides (see p. 3038) 


* Diels and Fischer, Ber., 1916, 49, 1721; Fish, Johnson, and Horning, J. Amer. Chem. Soc., 1956, 
78, 3668. 
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have been shown not to oxidise dimethylaniline. The peculiar effectiveness of manganese 
dioxide may in part be related to the fact that as ordinarily prepared by precipitation it is a 
“ non-stoicheiometric compound.” 1° Products prepared by reduction of permanganates 
in aqueous solution, followed by drying at moderate temperatures (e.g., 100°), have oxygen 
contents slightly less than that corresponding to the dioxide, and also contain water 
(3—4%) which cannot be removed thermally without some further loss of oxygen. This 


“e 


water ” is probably present as hydroxyl groups linked to manganese. The formation of 
hydroxylated amine intermediates (suggested above) may be assisted, if not caused, by 
these hydroxyl groups in the dioxide. 

Some preliminary observations have also been made which indicate that the amount of 
available oxygen in the dioxide may depend on its method of preparation (for similar 
observations with allylic alcohols, see ref. 11). In particular, the oxidising power of the 
reagent diminished after it had been washed with sulphurous acid. Washing the dioxide 
with permanganate solution had no appreciable effect. 

The possibility that the oxidising properties result from contribution of a small 
“ proportion ’’ of manganese in a higher valency state led to some experiments on the 
oxidation of dimethylaniline with potassium permanganate under various conditions. 
N-Methylformanilide was also obtained with this oxidising agent * but the yields were low. 
The best procedure evolved was to shake the amine in benzene with an aqueous solution of 
the oxidising agent. After 20 hr. the amide was obtained in 24% yield together with 
unchanged amine (54%). For this oxidation permanganate offers no advantage over the 
more efficient manganese dioxide. 


EXPERIMENTAL 


The infrared absorption spectra of the products were consistent with the structures assigned. 

Manganese dioxide used was a commercial sample, from Messrs. J. Woolley, Sons and Co. Ltd. 
who state that it was prepared by mixing solutions of a bivalent manganese salt and a 
permanganate, 7.e., under acidic conditions. 

Manganese Dioxide Oxidation of Tertiary Amines.—The amine (3 g.) in chloroform (300 c.c.) 
was stirred with manganese dioxide (150 g.) for 18 hr. at 20°. The oxide was removed and 
washed with chloroform. The organic extract was washed with dilute hydrochloric acid and 
evaporated. The residue was usually distilled in order to remove small quantities of coloured, 
less volatile material. 

(a) In this way, dimethylaniline gave N-methylformanilide (2-58 g., 78%), b. p. 121°/15mm., 
m. p. and mixed m. p. 13°, n}9 1-5598. 

(b) Methylaniline afforded a product (3-08 g.), part of which (1-45 g.) was distilled under 
reduced pressure. The distillate crystallised from benzene-light petroleum at —20°, to give 
formanilide (1-33 g., 83%), m. p. and mixed m. p. 49°. The remainder of the crude product was 
chromatographed on alumina (80 g.), elution with benzene affording azobenzene (30 mg.), m. p. 
and mixed m. p. 67—68°. 

(c) Distillation of the product from oxidation of diethylaniline afforded material which on 
crystallisation from toluene-light petroleum at —20° gave formanilide (1-58 g., 65%), b. p. 
90°/13 mm., m. p. and mixed m. p. 49° (Found: C, 69-5; H, 5-9. Calc. forC,H,ON: C, 69-5; 
H, 5-8%). In another experiment, diethylaniline (2 g.) afforded crude material (1-7 g.), part 
(0-9 g.) of which was distilled. The solid distillate was extracted with light petroieum at 20°, 
to give (after removal of the solvent) crude N-ethylformanilide (50 mg.) as a yellow oil. This 
was reduced in ether (20 c.c.) with lithium aluminium hydride (50 mg.), being stirred overnight 
at 20°. The basic product was isolated in the usual way and treated with picric acid (80 mg.) 
in benzene (30 c.c.). Crystallisation from benzene yielded ethylmethylaniline picrate (103 mg.), 


* Amides are among the products obtained by permanganate oxidation of many alkaloids contain- 
ing tertiary aliphatic amine groupings. For two recent examples see ref. 12. 

1 Sidgwick, “‘ Chemical Elements and their Compounds,” Clarendon Press, Oxford, 1950, p. 1272; 
Wells, “‘ Structural Inorganic Chemistry,’’ Clarendon Press, Oxford, 1950, p. 371. 

11 Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094; Harfenist, 
Bavley, and Lazier, J. Org. Chem., 1954, 19, 1608. 
12 Pelletier and Jacobs, J. Amer. Chem. Soc., 1954, 76, 4496; Cookson and Trevett, J., 1956, 2689. 
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m. p. and mixed m. p. 127—128°. The remainder (0-8 g.) of the crude oxidation product was 
chromatographed on alumina as before, to give azobenzene (16 mg.), m. p. and mixed m. p. 
66— 68°. 

(d) The crude product from ethylaniline was treated as described above for methylaniline, 
one part (1-27 g.) affording formanilide (1-04 g., 70%), m. p. and mixed m. p. 48—49°, and the 
remainder (1-28 g.) azobenzene (50 mg.), m. p. and mixed m. p. 68°. 

(e) Oxidation of ethylmethylaniline gave a product (2-4 g.) which was separated into 
fractions by distillation under reduced pressure. The first, liquid fractions (0-50 g., 16%) 
consisted of N-ethylformanilide as shown by infrared absorption spectra. Later fractions 
solidified, and formanilide (1-68 g., 63%), m. p. and mixed m. p. 49°, was obtained by 
crystallisation. 

(f) Oxidation of 1-phenylpyrrolidine afforded formanilide (1-2 g.), m. p. and mixed m. p. 49°. 

(g) The crude material (1 g.) from oxidation of 1 : 4-diphenylpiperazine (1 g.) was filtered in 
chloroform through deactivated alumina (10 g.), and then crystallised from benzene-light 
petroleum, to give NN’-diformyl-N.N’-diphenylethylenediamine (0-9 g., 80%), m. p. 121—122° 
(Found : C, 72-2; H, 6-1. Calc. for C,gH,.N,O,: C, 71-65; H, 6-0%) (lit.,4% m. p. 121—122° 

(kh) Oxidation of 1 : 2-dimethyl-1 : 2-diphenylethylenediamine yielded N-methylformanilide 
(2-47 g., 75%), b. p. 120°/15 mm., m. p. and mixed m. p. 12°. 

(t) Preliminary experiments showed that the oxidation of NN-dibenzylstyrylamine required 
less manganese dioxide; the enamine (1 g.) was stirred in chloroform (200 c.c.) with manganese 
dioxide (10 g.) for 30 min. The infrared spectrum of the crude product (0-94 g.) showed that 
starting material was absent. Part (200 mg.) of this product gave benzaldehyde 2 : 4-dinitro- 
phenylhydrazone (166 mg., 77%), m. p. and mixed m. p. 237°. Another part (500 mg.) was 
shaken with aqueous sodium hydrogen sulphite (30 c.c.) and ether. Evaporation of the ether 
gave material (350 mg.) which on crystallisation from benzene-light petroleum afforded NN-di- 
benzylformamide (300 mg., 75%), m. p. and mixed m. p. 52°. 

(j) The solid product from the oxidation of 4-phenylmorpholine (5 g.) by the general method 
was crystallised from benzene to give N-formyl-N-2-hydroxyethylaniline (4 g., 80%), m. p. 58-5° 
(Found: C, 65-45; H, 6-6; N, 8-5. C,H,,O,N requires C, 65-45; H, 6-7; N, 85%). A 
solution of potassium hydroxide (4 g.) in water (10 c.c.) containing the formyl compound (0-2 g.) 
was heated under reflux for 3 hr. Isolation with ether afforded N-2-hydroxyethylaniline 
(0-15 g.), identified by comparison of its infrared spectrum with that of an authentic sample 
prepared from aniline and ethylene oxide. 

By the general procedure, dimethylaniline was not oxidised significantly by ceric oxide, lead 
dioxide, cuprous oxide, or titanium dioxide. 

Acetaldehyde from the Oxidation of Diethylaniline.—The amine (1 g.) in benzene (300 c.c.) 
was stirred with manganese dioxide (50 g.) for 15 hr. At the same time nitrogen was passed 
through the mixture and thence into a solution of dimedone in 1 : 4 ethanol—water (250 c.c.). 
The yields of acetaldehyde derivative (m. p. and mixed m. p. 138—139°) were 1-08 g. and 1-2 g. 
in two experiments (average 54%). 

Detection of the Enamine Intermediate in the Oxidation of Diethylaniline.—A solution of the 
amine (2 g.) and chloranil (3-3 g.) in benzene (270 c.c.) was stirred with manganese dioxide : 
in four experiments the amounts of dioxide used were 10, 20, 40, and 100 g. Samples of the 
blue solution were withdrawn from time to time and washed with dilute sulphuric acid and the 
absorption measured at 6400 A. In this way the dependence of the yield of blue quinone (IIT) 
with time and dioxide : amine ratio was determined : 


Time (hr.) for complete Yield (%) of blue 
Oxide : amine ratio formation of quinone quinone at this time 
5 4 6-3 
10 2 7 
20 0-5 4-5 


| 
| 


50 


The optimum amount of blue quinone (based on starting amine) was formed with an 
oxide : amine ratio of 10, larger quantities of dioxide oxidising some or all of the quinone. In 
the absence of manganese dioxide the yield of blue quinone was less than 0-1%. 

The final solution from the second experiment was filtered and washed with dilute sulphuric 


13 Zienty, J. Amer. Chem. Soc., 1946, 68, 1388. 
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acid, and the product chromatographed on deactivated alumina. Benzene first eluted 
unchanged chloranil and then 2-2’-N-ethylanilinovinyl-3 : 5 : 6-trichlorobenzoquinone (III), m. p. 
127—129° (from benzene) (Found: C, 54:0; H, 3-25. C,,H,,O,NCI, requires C, 53-85; H., 
3°35%), Amax. (im EtOH) 6400 A (e 10,100). 

Other Oxidation Experiments with Dimethylaniline.—Variation of the oxide: amine weight 
ratio gave the following results : 


OCmIDS 2 DEMEMS CORIO cccccscscessesceccess 10 20 40 50 60 
Amine recovered (9%)  ..ccesccccccsscees 77 40 12 0 0 
EY TOLD casetintecthevonciincess 6-5 25 58 77 78 


Very similar yields of N-methylformanilide were obtained by using the oxide recovered from 
treatment with saturated aqueous potassium permanganate solution at 20° for 6 hr., followed 
by washing with water until the filtrate was colourless and drying im vacuo at 20°. With an 
oxide : amine ratio of 10, the yield was decreased to 2% by using the oxide after it had been 
stirred with an aqueous solution of sulphur dioxide for 1 hr. and then dried as before. 

Permanganate Oxidations.—(a) A slightly exothermic reaction took place on addition of 
potassium permanganate (4 g.) in acetic acid (250 c.c.) to a stirred solution of dimethylaniline 
(5 g., i.e. excess) in acetic acid (30 c.c.), and a brown solution was obtained. After most of the 
acetic acid had been removed under reduced pressure, the residue was made alkaline 
(manganese dioxide precipitated) and extracted with chloroform. Isolation in the standard 
way gave N-methylformanilide (0-3 g., 12 based on permanganate), m. p. and mixed m. p. 13°, 
ni? 1-6000. 

(b) Silica gel (200 g.) was immersed in a saturated aqueous solution of potassium perman- 
ganate, allowed to drain, and dried in vacuo at 20°. Titration showed that the gel contained 
2-5 g. of permanganate. This impregnated material was stirred with a solution of the amine 
(5 g., excess) in benzene (300 c.c.) for 20 hr., whereafter no permanganate remained. Isolation 
as before afforded N-methylformanilide (0-1 g., 6% based on permanganate), m. p. and mixed 
m. p. 13°, and unchanged amine (4-6 g.). 

(c) A solution of the amine (5 g.) in benzene (250 c.c.) was rolled with finely powdered 
permanganate (20 g.) and steel balls for 3 days. Working up as before gave N-methyl- 
formanilide (0-33 g., 6% based on amine), m. p. and mixed m. p. 12-8°, and unchanged amine 
(3-2 g.). Repetition of the experiment with twice as much permanganate afforded amide 
(0-4 g., 7%) and amine (3-96 g.). 

(d) A solution of the amine (5 g.) in benzene (120 c.c.) was shaken vigorously with a solution 
of potassium permanganate (30 g.) in water (300 c.c.) for 20 hr. The manganese dioxide 
formed was removed (unchanged permanganate was present in the aqueous layer). N-Methyl- 
formanilide (1-3 g., 24°, conversion), m. p. and mixed m. p. 13°, and unchanged amine (2-7 g., 
54%) were isolated. 

Dimethyl-p-toluidine. Variation of Oxide: Amine Ratio.—The following results were 
obtained : 


CS GID TOD hi ccics civcccnsssccrscsscsescccss 10 18 23 40 
BEN GURORIEE DI) cvcennstancccccnccnicsscccccie 63 22 13 0 
N-Formy] compound (%)  ......cceccccscccecsees 21 54 66 84 


Experiments with N-Oxides.—Dimethylaniline N-oxide (1 g.) was treated with manganese 
dioxide by the above general procedure. Removal of the solvent under reduced pressure gave 
a brown gum which was dissolved in water (50 c.c.) and extracted with ether. The ether layer 
was washed with dilute hydrochloric acid, dried, and evaporated to afford a residue (30 mg., 3%) 
which appeared from its infrared spectrum to be essentially N-methylformanilide. The aqueous 
layer was treated with picric acid (2 g.) in hot water (50 c.c.), to give dimethylaniline N-oxide 
picrate (2 g., 90%), m. p. and mixed m. p. 135—137°. 

Diethylaniline N-oxide (0-33 g.) was treated with manganese dioxide by the above general 
method. The non-basic product was obtained as dark viscous gum (120 mg.) which was 
filtered in chloroform through alumina (8 g.) to give material (100 mg.) which left an 
amorphous, probably polymeric material (15 mg., m. p. 65—120°) on trituration with toluene— 
light petroleum (1:1) at 20°. The mother-liquor was cooled to —70°, to give formanilide 
(60 mg., 25%), m. p. and mixed m. p. 47—49°. 
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Oxidation of n-Butyl Vinyl Ether Oxidation of the ether (3 g.) by the general method gave 
acetaldehyde di-n-butyl acetal (2-1 g., 80%), b. p. 190°/760 mm., mj}? 1-4121 (Found: C, 68-8; 
H, 12-3. Calc. for C,9H,,0,: C, 69-0; H, 12-65%) [lit.,4 b. p. 197—198°/760 mm., n?* 1-4090). 
The infrared spectrum exhibited a strong doublet at 1100 and 1140 cm.-!. On treatment with 
2 : 4-dinitrophenylhydrazine the derivative of acetaldehyde was formed (m. p. and mixed m. p. 
165—166°). 

Attempted oxidation of n-butyl formate by the general method gave unchanged ester (94%). 


The authors thank Dr. T. H. H. Quibell for permission to quote his work mentioned in 
reference 4, Mr. E. S. Morton for microanalyses, Dr. G. D. Meakins for the infrared spectra, and 
the Ministry of Education for financial assistance (to A. T.). 
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592. The Reactions of Stannic Chloride with Alcohols. 
By D. C. Brapiey, E. V. CALDWELL, and W. WARDLAW. 


Reactions involving stannic chloride and the alcohols ROH, where R = 
Me, Et, Pr®, Pri, Bu", Bui, Bu’, Bu’, or ¢ert.-amyl, have been studied. With 
primary or secondary alcohols the products were either the volatile 
SnCl,,2ROH or the non-volatile SnCl,(OR),ROH, or mixtures of the two. 
Ebullioscopic measurements in benzene showed that SnCl,(OEt),EtOH was 
dimeric whilst SnCl,,2Pr'iOH was monomeric. With tertiary alcohols, 
products of the type SnCl,,ROH, SnCl,(OR),ROH, or SnCl,(OR) were 
obtained under various conditions. There was no evidence of the formation 
of alkyl chloride, olefin, and solvolysed metal chloride although this was 
typical of reactions involving tertiary alcohols and the tetrachlorides MCI, 
where M = Si, Ti, Zr, or Th. 


In 1886, Fischer ! reported the isolation of stannic trichloride monoethoxide ethanolate 
SnCl,(OEt),EtOH from the reaction involving stannic chloride and ethyl alcohol. 
Rosenheim and Schnabel ? later showed that by the addition of stannic chloride to ice-cold 
ethyl alcohol the alcoholate, SnCl,,2EtOH could be isolated, and from reactions of stannic 
chloride with methyl, ethyl, or -propyl alcohol obtained a series of compounds which 
they formulated as SnCl,(OR),,HCl. Such substances have the same _ percentage 
composition as the trichloride monoalkoxide alcoholates SnCl,(OR),ROH. It seemed 
worthwhile to re-investigate these reactions as it would provide data for comparison with 
other metal chloride—alcohol systems and furnish information about the preparation of 
stannic alkoxides, of particular interest for branched-chain alcohols. We report results for 
stannic chloride and alcohols ROH where R = Me, Et, Pr*, Pr’, Bu", Bu’, Bu’, But, or 
tert.-amyl. 

Primary Alcohols.—From the reaction of methyl or ethyl alcohol and the tetrachloride 
the alcoholate SnCl,(OR),ROH was obtained. x-Propyl, n-butyl, and isobutyl alcohol 
gave mixtures of the substances SnCl,,2ROH and SnCl,(OR),ROH, the atomic ratio 
Cl: Sn being 3-4—3-5. Each mixture when heated gave a sublimate of the dialcoholate 
SnCl,,2ROH. When SnCl,(OMe),MeOH was heated, the volatile SnCl,,2MeOH was 
obtained, evidently owing to disproportionation under reduced pressure. Molecular 
weights showed that the trichloride monoethoxide ethanolate was dimeric in boiling 
benzene, tin having the co-ordination number 6 as in the volatile monomeric tetrachloride 
dialcoholates. In boiling ethyl alcohol SnCl,(OEt),EtOH had a lower molecular complexity 
(1-3), owing to solvation. 

Secondary Alcohols.—The tetrachloride di(tsopropyl alcoholate), SnCl,,2PriOH, was 


Fischer, Monatsh., 1884, 5, 426. 
Rosenheim and Schnabel, Ber., 1905, 38, 2777. 
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obtained by addition of stannic chloride to tsopropyl alcohol. The alcoholate crystallised 
unchanged from isopropyl alcohol and sublimed completely at 45°/0-05 mm. Its molecular 
weight, determined ebulliometrically in benzene, agreed with the monomeric formula. In 
one experiment involving isopropyl alcohol evidence was obtained of the formation of a 
tetra-alcoholate SnCl,,4PriOH. The addition of stannic chloride to sec.-butyl alcohol 
produced a crystalline solid which sublimed completely in the form of the dialcoholate. 

Tertiary Alcohols.—From the reaction involving stannic chloride and ¢ert.-butyl alcohol 
at ca. —80° the solid product was substantially the trichloride monoalcoholate 
SnCl,(OBu'),ButOH and this was converted into the volatile tetrachloride monoalcoholate 
SnCl,,ButOH by sublimation under reduced pressure. When stannic chloride was added 
to tert.-butyl alcohol without cooling and the volatile products and excess of alcohol were 
removed by distillation under atmospheric pressure, the solid product was the trichloride 
mono-fert.-butoxide SnCl,(OBu‘) and this gave some tetrachloride monoalcoholate at 
60°/0-3 mm. When stannic chloride was added to ice-cold ¢ert.-amyl alcohol a 
crystalline product was deposited, apparently a mixture of SnCl,(O-CMe,Et) and 
SnCl,(O-CMe,Et),EtMe,C-OH. Heating this at 50°/1 mm. gave a white crystalline 
sublimate which corresponded in analysis to a mixture of SnCl,(O-CMe,Et) and 
SnCl,,EtMe,C-OH. Similarly, reaction in benzene solution between fert.-amyl alcohol and 
the tetrachloride diisopropyl alcoholate gave substantially the trichloride mono-tert.- 
amyloxide which in turn produced a sublimate (75°/1 mm.) which consisted mainly of the 
tetrachloride monoalcoholate. 

Discussion.—The “ reactivity’’ of stannic chloride with alcohols is clearly low 
(“ reactivity ’’ is used in the sense of the degree of replacement of chloride by alkoxide 
groups) since the products are derivatives of either the tetrachloride or the trichloride 
monoalkoxide. For primary or secondary alcohols reactivity decreases as the electron- 
releasing tendency of the alkyl group increases. In terms of our theory for the reactivity 
of Group IV tetrachlorides* the electron-release of the alkyl group should affect the 
reactivity of an alcohol in two ways. It should stabilise the co-ordinate link in 
RSO-M- l, by delocalising the formal positive charge on the oxygen atom, and should 
promote reactivity by assisting in the expulsion of a chloride ion. On the other hand, by 
reducing the “ acidity ’’ of the alcohol, it should diminish reactivity owing to a reduction of 
the tendency for the proton to be expelled from the hydroxyl group. On this basis we 
should expect the order of reactivity to be: MeOH > EtOH > Pr°OH > Pr'iOH which 
resembles to some extent that found experimentally. The reaction concerned also involves 
the formation of alcoholic hydrochloric acid and this will undoubtedly be favoured in 
media of higher dielectric constant, t.e., MeOH > EtOH > PrOH. The most remarkable 
feature of our results is the behaviour of the tertiary alcohols. The strong electron- 
releasing tendency of the ¢ert.-alkyl group should cause tertiary alcohols to be less reactive 
than the secondary alcohols which is contrary to the observed behaviour. Moreover, we 
have found in connection with the reactivity of other metal tetrachlorides ** that tertiary 
alcohols react in a more complicated way involving the formation of alkyl chloride, olefin, 
water, hydrogen chloride, and a solvolysed metal compound. This was not the case with 
stannic chloride and tertiary alcohols and it appears that this Group IVB tetrachloride 
behaves fundamentally differently from silicon tetrachloride or the Group IVA tetra- 
chlorides. In this connection it is interesting that germanium tetrachloride ® is unusual in 
that it does not react with the lower alcohols or even form alcoholates. Thus in their 
reactions with an “ ordinary ” alcohol such as ethanol the reactivity of the tetrachlorides 
is in the order: SiCl, > TiCl, > ZrCl, > SnCl, > ThCl, > GeCl,. This behaviour does 
not appear to be correlated in any simple general way with electronegativities, ionisation 

* Bradley, Halim, and Wardlaw, /., 1950, 3450. 


* Bradley, Saad, and Wardlaw, J., 1954, 2002. 
5 Bradley, Kay, and Wardlaw, unpublished work. 
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energies, or metal-chlorine bond energies. Finally, we draw attention to the fact that 
stannic chloride gives volatile monoalcoholates SnCl,,ROH with tertiary alcohols, doubt- 
less owing to the steric effect of the ¢ert.-alkyl group in preventing the formation of the 
characteristic dialcoholate. It is probable that tin is exhibiting the unusual co-ordination 
number of 5 in the monoalcoholates. 


EXPERIMENTAL 


The general technique was similar to that employed in our earlier work on metal chloride— 
alcohol systems.* 4 

Analysis.—The sample was dissolved in 30% sulphuric acid, neutralised to methyl-orange 
with aqueous ammonia, diluted to 400 c.c. and, after the addition of macerated filter paper and 
ammonium nitrate (20 g.), boiled for about 2 min. The precipitate was collected on a filter 
paper (No. 41), washed with ammonium nitrate solution (2%), and ignited to tin dioxide. 
Chloride was determined gravimetrically on the filtrate. 

Stannic Chloride.—The commercial anhydrous reagent was distilled immediately before use 
(Found : Sn, 45-8; Cl, 54-1. Calc. for SnCl,: Sn, 45-6; Cl, 54-4%). 

Reactions of Alcohols.—Methyl alcohol. Stannic chloride (38 g.) was added to methyl alcohol 
(25 c.c.) and, after the initial vigorous react#n had subsided, benzene (100 c.c.) was added and 
the mixture was boiled for } hr. The crystalline trichloride monomethoxide methanolate (20 g.) 
separated on cooling [Found: Sn, 41-5; Cl, 36-9. SnCl,(QMe),MeOH requires Sn, 41-2; Cl, 
36-99%]. The alcoholate (10 g.), heated at 120°/1 mm., gave a crystalline sublimate of 
SnCl,,2MeOH (1 g.) (Found: Sn, 36-9; Cl, 43-1. SnCl,,2MeOH requires Sn, 36-6; Cl, 43-7%). 

Ethyl alcohol. Stannic chloride (250 g.) was added to ice-cold ethyl alcohol (90 g.). The 
mixture solidified. Benzene (800 c.c.) was added and the solid dissolved at the b. p. The 
crystalline trichloride monoethoxide ethanolate obtained by cooling was separated and recrystal- 
lised from benzene. The final product (101 g.) was dried at room temperature and 0-1 mm. 
(Found: Sn, 37-6; Cl, 33-7; OEt, 28-0%; M, (in benzene) 667, (in ethyl alcohol) 412. 
SnCl,(OEt), EtOH requires Sn, 37-5; Cl, 33-7; OEt, 28-5%; M, 316-2). 

n-Propyl alcohol. Stannic chloride (8-7 g.) was added to »-propyl alcohol (17-9 g.) and the 
mixture refluxed for 1 hr. Removal of solvent under reduced pressure left a white solid (13 g.) 
Found: Sn, 32-8; Cl, 33-6. SnCl,,2PrOH (1 mol.) + SnCl,(OPr),PrOH (1-38 mol.) requires 
Sn, 33-0; Cl, 33-7%]. The mixture (2 g.), heated at 40°/0-2 mm. in a short-path still, gave a 
sublimate of stannic chloride dipropanolate (1 g.) (Found: Sn, 31-1; Cl, 37-1. SnCl,,2PrOH 
requires Sn, 31-2; Cl, 37-3%). 

isoPropyl alcohol. Addition of stannic chloride (40 g.) to isopropyl alcohol (30 g.) produced 
a solid which was dissolved at the b. p. The solution rapidly deposited large hexagonal plates 
(58 g.) on cooling (Found: Sn, 31-6%). Recrystallisation from isopropyl alcohol gave 
hexagonal crystals (45 g.) of stannic chloride dialcoholate (Found: Sn, 31-3; Cl, 37-3; OPr', 
29-9. SnCl,,2PriOH requires Sn, 31-2; Cl, 37-3; OPri, 310%). The product (1 g.) sublimed 
unchanged at 45°/0-05 mm. in a short-path still [Found : Sn, 31-7; Cl, 37-4%; M (in benzene), 
373-2. SnCl,,2Pr'OH requires M, 380-7]. In several similar experiments the product was the 
dialcoholate but on one occasion when the tetrachloride (27 g.) and isopropyl alcohol (40 g.gwere 
refluxed together for 1 hr. and allowed to cool overnight a crop of cubic crystals (19 g.) of \etra- 
alcoholate was deposited (Found: Sn, 23-9; Cl, 28-4; OPri, 46-1. SnCl,,4PriOH requirds Sn, 
23-7; Cl, 28-3; OPri, 47-2%). Evaporation of the mother-liquor to half bulk produfed a 
crop of very small crystals which at room temperature slowly became cubic (Found : Sn, 27-1; 
Cl, 32-0; OPr', 39-9. Calc. for SnCl,,3PriOH : Sn, 26-9; Cl, 32-2; OPri, 40-2%). This solid 
(1-5 g.) when heated in the short-path still at 55°/0-8 mm. gave a sublimate (1-0 g.) of the 
dialcoholate (Found: Sn, 31-4; Cl, 37-2; OPr', 30-5%). Another sample (5-0 g.) of 
“ SnCl,,3PriOH ”’ was dissolved in benzene (20 c.c.) and deposited small crystals of the 
dialcoholate (4:0 g.) (Found: Sn, 31-5; Cl, 37-0; OPri, 30-99%). These reactions indicate that 
the dialcoholate is the stable compound with evidence for a less stable tetra-alcoholate. There 
may also be an unstable trialcoholate but the compound obtained may be a mixture of the 
other two alcoholates. 

n-Butyl alcohol. Stannic chloride (2-3 g.) was added to n-butyl alcohol (7-5 g.), and the 
solution evaporated to dryness, giving a solid (3-5 g.) (Found: Sn, 28-5; Cl, 29-1%; Cl: Sn, 








3042 The Reactions of Stannic Chloride with Alcohols. 


3-42: 1). The product (3 g.), heated at 70°/1-2 mm. in a short-path still, gave during 6 hr. a 
white sublimate (0-2 g.) of stannic chloride dibutanolate (Found: Sn, 29-4; Cl, 34-2. 
SnCl,,2BuOH requires Sn, 29-0; Cl, 34:7%). The non-volatile residue was analysed (Found : 
Sn, 28-8; Cl, 28-99%; Cl: Sn, 3-36: 1). 

isoButyl alcohol. Stannic chloride (20 g.) was added to isobutyl alcohol (30 g.) and the 
mixture was boiled for } hr. Evaporation of the solvent left a dark solid product (32 g.) 
(Found : Sn, 28-6; Cl, 29-7%; Cl: Sn, 3-48). This compound (2-5 g.), heated in a short-path 
still, gave the white crystalline dialcoholate (2-0 g.) (Found: Sn, 28-7; Cl, 33-9%) at 
30°/0-01 mm. 

sec.-Butyl alcohol. Stannic chloride (24 g.), added to ice-cold sec.-butyl alcohol, caused 
deposition of a white crystalline product (13 g.) (Found: Sn, 23-3; Cl, 27-5%). This (10 g.) 
sublimed completely at 50°/0-5 mm. in the short-path still as the dialcoholate (Found : Sn, 29-0; 
Cl, 34-2%). 

tert.-Butyl alcohol. Stannic chloride (35 g.) was added to #ert.-butyl alcohol (50 c.c.) at 
ca. —80°. The whole was allowed to attain room temperature and the resultant liquid evapor- 
ated under reduced pressure, leaving a white solid (44 g.) (Found : Sn, 33-4; Cl, 30-0%; Cl: Sn, 
3-0: 1). This was a mixture of SnCl,(OBu‘),ButOH (Requires Sn, 31-9; Cl, 28-6%) and 
SnCl,(OBu') (Requires Sn, 39-8; Cl, 35-7%). A sample (17 g.), heated for 5 hr. in the short- 
path still at 60°/0-2 mm., gave a sublimate (8 g.) (Found: Sn, 35-5; Cl, 40-9; -OBut, 23-3. 
Calc. for SnCl,,ButOH : Sn, 35-5; Cl, 42-4; OBut, 21-8%) which was substantially the tetra- 
chloride monoalcoholate. In another experiment, stannic chloride (22 g.) was added to ¢ert.- 
butyl alcohol (60 g.) without cooling. Volatile products were removed under atmospheric 
pressure (bath-temp. 140°) and left a pink solid product (25 g.) (Found: Sn, 39-9; Cl, 35-3%) 
which appeared to be the trichloride mono-tert.-butoxide without addendum. This solid 
(20 g.), heated for 8 hr. at 60°/0-3 mm., gave a sublimate (5 g.) (Found: Sn, 35-3; Cl, 40-6%) 
which was substantially SnCl,,Bu'OH. 

tert.-Amyl Alcohol. Stannic chloride (29 g.) was added to ¢ert.-amyl alcohol at ca. — 20° and 
the mixture allowed to attain room temperature overnight. The crystalline product (18 g.) 
(Found: Sn, 34:7; Cl, 32-6%; Cl:Sn, 3-14) appeared to be mainly a mixture of 
SnCl,(O*CMe,Et) (Requires Sn, 38-0; Cl, 34-19%) and SnCl,(O-CMe,Et), EtMe,C-OH (Requires Sn, 
29-7; Cl, 26-6%). The product (8-7 g.), heated at 50°/1 mm. in a short-path still, gave some 
white sublimate (1-4 g.) (Found: Sn, 36-3; Cl, 39-0%; Cl: Sn, 3-6), evidently a mixture of 
SnCl,(O-CMe,Et) and SnCl,,CMe,Et-OH (Requires Sn, 34-0; Cl, 40-7%). When the reactants 
were mixed without external cooling and then boiled under reflux for several hours and allowed 
to cool overnight, the crystalline product (Found: Sn, 38-0; Cl, 41-5%; Cl: Sn, 3-66) was a 
mixture of trichloride and tetrachloride complexes which sublimed unchanged under reduced 
pressure (Found: Sn, 37-8; Cl, 41-8%). Finally, ¢ert.-amyl alcohol (4 g.) was caused to react 
in benzene (100 c.c.) with the tetrachloride diisopropyl alcoholate (10 g.). Alcohol interchange 
was promoted by azeotropic fractionation until benzene alone was collected, and the solvent 
was then removed by evaporation under reduced pressure. The white solid product 
(10-5 g.) (Found: Sn, 36-4; Cl, 30-89%) was evidently a mixture of SnCl,(O*CMe,Et) 
and SnCl,(O*CMe,Et),CMe,Et-OH. This product (1-0 g.) at 75°/1 mm. gave a white sublimate 
(0-3 g.) (Found: Sn, 31-0; Cl, 35-7%; Cl: Sn, 3-85) which was chiefly solvated tetrachloride. 


One of us (E. V. C.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Allowance. 
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593. Tracer Studies in Ester Hydrolysis. Part V.* The Kinetic 
Form and Stereochemical Course of the Hydrolysis of p-Methoxydi- 
phenylmethyl Acetate. 


By C. A. Bunton and T. HApwiIck. 


Hydrolysis of p-methoxydiphenylmethyl acetate in aqueous dioxan is 
accelerated by both hydroxide and hydrogen ions. Hydroxide ions attack 
the acyl carbon atom, with a second-order rate law, by mechanism B,,2. 
Acid hydrolysis is by alkyl-oxygen bond fission, and the rate in aqueous 
60% dioxan is proportional to the Hammett function, fy, rather than to 
hydrogen-ion concentration; the mechanism is therefore A,)l. The rate of 
acid hydrolysis is greater in a deuterium oxide—dioxan solvent than in the 
corresponding aqueous solvent, confirming that the acid catalysis is 
specifically by the hydrogenion. The alkyl—oxygen bond is broken in neutral 
hydrolysis, with complete loss of optical activity, by mechanism B,)l, and 
the rate of hydrolysis, measured chemically, is close to that measured 
polarimetrically. Thus each molecular process of alkyl-oxygen fission 
results in complete loss of asymmetry of the alkyl carbon atom. Azide and 
acetate ions reduce the hydrolysis rate, measured chemically, by capturing 
the carbonium ions, but they do not affect the rate of loss of optical activity 
during hydrolysis. This shows that ‘the asymmetry of the alkyl carbon 
atom is lost before any of these nucleophilic reagents attacks this atom, i.e., 
the carbonium ion is completely flattened before attack of the reagent. 


WHILE investigating the hydrolysis of hydrogen phthalates of optically active secondary 
alcohols, Kenyon and his co-workers observed considerable racemisation with p-methoxy- 
diphenylmethyl hydrogen phthalate, and pointed out that this result indicated that the 
alkyl-oxygen bond of this ester was broken in hydrolysis.!_ Such a result is to be expected 
in the hydrolyses of esters having electron-releasing groups attached to the alkyl carbon 
atom. The hydrolysis of the sodium salt of /-methoxydiphenylmethy] hydrogen phthalate 
to the alcohol and acid in water and in aqueous alkali has been followed kinetically, with 
determination of the position of bond fission by use of oxygen-18, and the stereochemical 
course examined.” The results were in general those expected, but the system was 
complicated by the low solubility of the ester in concentrated aqueous sodium hydroxide 
and by the separation of insoluble alcohol and dialkyl phthalate during hydrolysis. There- 
fore a parallel study was made of the hydrolysis of #-methoxydiphenylmethyl acetate in 
aqueous dioxan, where these complications do not arise. The hydrolysis was followed 
kinetically in initially neutral solution, in solutions containing hydrogen or hydroxide 
ions, and in those containing neutral salts. The position of bond fission was determined 
in all conditions and the stereochemistry examined. 

Position of Bond Fission.—The acetic acid or alcohol formed by h¥drolysis in aqueous 
dioxan containing H,'8O was isolated, and its 180 abundance determined. Within the 
limit of uncertainty due to oxygen exchange between water and the products, the neutral 
and acid hydrolyses give complete alkyl-oxygen, and alkaline hydrolysis gives complete 
acyl-oxygen, bond fission. 

Kinetic Form of Hydrolysis.—Reaction with hydroxide ion (in aqueous 70% dioxan) 
follows a second-order rate law, as required for mechanism B,,2. The rate is very similar 
to that of the alkaline hydrolysis * of diphenylmethyl acetate (at 25°, 107k, = 1-2 1. sec.-} 
mole-!), the p-methoxyl group having virtually no effect on the rate of attack of hydroxide 
ion on the acyl carbon atom. 


* Part IV, J., 1957, 963. 


' Davies and Kenyon, Quart. Rev., 1955, 9, 203. 
* Bourns, Bunton, and Llewellyn, Proc., 1957, 120. 
3G. Israel, unpublished results. 
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In marked contrast to its small effect on the attack of hydroxide upon the acyl carbon 
atom, the p-methoxy-group has a large effect on the rate of alkyl-oxygen bond fission in 
the neutral hydrolysis (mechanism B,)l). The rate of neutral hydrolysis of diphenyl- 
methyl formate (with mixed acyl and alkyl bond fission) (Part IV) is about 1/30th of that of 
p-methoxydiphenylmethy] acetate. 

This assignment of mechanism is confirmed by examination of the kinetic salt effects. 
Added chloride ions have only a small effect on this neutral rate (ca. 0-2m-lithium chloride 
increases it by 20°), but acetate ions decrease it considerably (0-2m-lithium acetate 
fourfold). This is the well-known common-ion salt effect, first observed in hydrolyses of 
diphenylmethyl halides (see scheme, where R = f-methoxydiphenylmethyl),* and the 


(1) 
R-OAc —=— R* + ~OAc R* + H,O ——» ROH + H wil tite & Mae 
(2) 
H+ + —~OAc == HOAc R* + N,- ——> RN, -, +. we 6) 


retarding effect of acetate ions measures the relative rates of steps 2 and 3. In the 
conditions of these neutral hydrolyses (Table), approximately three carbonium ions are 
captured by acetate ions for every one captured by water molecules, the same factor being 
found in the neutral hydrolysis of triphenylmethyl acetate in a slightly less aqueous 
solvent.> Acetic acid, formed during hydrolysis, has no effect upon the rate, and is there- 
fore ineffective in capturing carbonium ions. 


TABLE. Rates of hydrolysis in aqueous dioxan. 
Solvent : aqueous 70% dioxan (except where otherwise specified). 4 = k,/[H,SO,}] 
(A) Base hydrolysis. 
WOME. isaccvnscetcrverd 0-0° 17-5 25-0° 33-7 
LAJEE) (26) cccccscescce 0-034 0-0381 0-067 0-033 
10°, (sec! mole" 1.) 0-152 0-844 1-73 3°47 
(B) Initially neutral hydrolysis. 


BED. crccnecessnseogins 44-8° 72-9 72-9 72-9 72-9° 72-9° 100 100° 100° 
SNEED Ganddetdantdene — — — 0-194m- 0-162mM- 0-214m- — 0-208mM- 0-193M- 
LiCl NaN, LiOAc LiCl LiOAc 
RO, Game). ccctecess 0-0557 1-63 1-56 * 1-51 * 1-25 * 1-25 * 17-6 21-8 4-43 
(C) Acid hydrolysis (at 44-8° unless otherwise specified). 10°, = 1-44 sec.-' mole™ 1. 
BHSO,] (3) e.cceseee 0-0165 0-024 (with 0-208m-LiCl) 0-0415 0-0545 0-020 (at 72-9°) 
105k, (sec.“!) ......... 2-43 3-28 5-74 8-10 75-7 
In aqueous 60°, dioxan; temp. 25°. In deuterium oxide—60% 
dioxan { 
fHCIO,) (Mm)... 0-199 0-263 0O-319¢ 0470+ 05537 0-911 1-34 0-285 0-339 
10*k, (sec) 1-14 1-66 2-89 5-90 8-34 28-6 134 4-23 5-63 


All rates followed by titration except those marked * polarimetrically and + dilatometrically. 
~ [D,O}/({D,O] + [H,O]) = 96%. 


Azide ions * are still more effective as intervening agents, and when added as ca. 0-3M- 
sodium azide captures virtually all the carbonium ions formed. 

The acid-catalysed hydrolysis was examined in aqueous 70% dioxan with added 
sulphuric acid (<0-2m), and in aqueous 60% dioxan with added perchloric acid in con- 
centration up to 1-3m. The former conditions were chosen to allow comparison between 
the rates of hydrolysis of other esters (Part IV), and the latter because values of 
the Hammett acidity function, Hy, are known from indicator measurements on this 
system.* Reactions which show specific hydrogen-ion catalysis, and in which the slow 
step is the unimolecular breakdown of the conjugate acid (e.g., mechanisms A,,1 and 


* Hughes, Trans. Faraday Soc., 1941, 37, 603. 
* Bunton and Konasiewicz, J., 1955, 1354. 
* Bunton, Ley, Rhind-Tutt, and Vernon, J., 1957, 2327. 
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Al) will have rates proportional to the acidity function hy (Hy, = —log hy) rather than 
to the concentration of hydrogen ions, whereas the rates of bimolecular reactions in which 
water molecules attack the conjugate acid in the slow step of the reaction (e.g., mechanism 
Ax-2) will be proportional, at least approximately, to the hydrogen-ion concentration. 
This test has been applied with satisfactory results’ to mechanisms A,.l and A,,2. 
A plot of the logarithm of the first-order rate constant for acid hydrolysis against H, had 
a slope of —1-3 (see Figure) and the rate increases much more rapidly than does 
the perchloric acid concentration. The acidity function begins to diverge from acid con- 
centration at fairly low acid concentrations in aqueous dioxan,® and the range of acid 
concentration used is therefore sufficient to distinguish between the two limiting kinetic 
forms. Although the Zucker-Hammett hypothesis predicts unit slope for a plot of log k 
against — H,, divergencies from this value may arise from the assumptions of the hypothesis. 
They are often found for reactions in water,® and are more likely to occur in organic or 
aqueous organic solvents of low dielectric constant. 


a y 








o 
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It is usually assumed that catalysis of hydrolyses of esters by strong acids is a specific 
hydrogen-ion catalysis, and this has been proved for reactions involving acyl-oxygen bond 
fission. That the acid hydrolysis in deuterium oxide-dioxan is twice as fast as that in 
aqueous dioxan of the same molar composition (Table) confirms it here. 

The values for the Arrhenius parameters are as follows: base hydrolysis, k = 
10% exp (—15,400/RT) (sec.-' mole 1.); neutral, & = 10!%® exp (—24,600/RT) (sec.) ; 
acid, k = 10'*8 exp (—25,600/RT) (sec.-! mole“! 1.). 

Stereochemical Course of Hydrolysis.—Interest in the steric course of ester hydrolysis 
centres on mechanisms of alkyl-oxygen bond fission, because acyl-oxygen fission leaves 
the asymmetric carbon atom of the alkyl group untouched. It is not experimentally 
possible to study the stereochemistry of the acid hydrolysis of /-methoxydiphenylmethyl 
acetate because the acid-catalysed racemisation, and oxygen exchange, of p-methoxydi- 
phenylmethy] alcohol is considerably faster than the acid hydrolysis of its acetate.1® As 
might be expected from the effect of structure on the stereochemistry of the Syl reaction 
(analogous to the By,l mechanism here), the alcohol produced from neutral hydrolysis 
was racemised. The rate of loss of optical activity in neutral hydrolysis is very close to 
that of formation of acetic acid (Table), but this ‘‘ polarimetric ’’ hydrolysis rate is, unlike 
the “‘ chemical ”’ rate, only slightly affected by added azide or acetate ions. 


7 Long et al., J. Phys. Chem., 1951, 55, 813, 829; J. Amer. Chem. Soc., 1950, 72, 3267; 1956, 78, 
3326; Bell, Dowding, and Noble, /J., 1955, 3106. 

8 Long and McIntyre, J. Amer. Chem. Soc., 1954, 76, 3240, 3243. 

® Bell ‘“‘ Acid—Base Catalysis,’’ Oxford Univ. Press, 1941, p. 146. 

10 Wilson, unpublished results. 











3046 Bunton and Hadwick : 





That the ‘‘ chemical ”’ and the “ polarimetric ’’ hydrolysis rate are very similar shows 
that there is no internal return of a partially formed (and racemised) carbonium ion to the 
oxygen atom. The absence of any marked effect of azide and acetate ions on the “ polari- 
metric’’ rate proves that the carbonium ion has lost its asymmetry, by becoming 
completely planar, before attack of the nucleophilic reagent [reactions (2), (3), and (4)). 
This course of events is not usual for Syl reactions in aqueous solvents, most of which give 
optically inverted products with racemisation whose extent depends upon environment 
and the structure of the compound.'! (Exceptions to this are that silver, or other heavy- 
metal, ions often increase the extent of racemisation, and that configuration-holding groups 
in the molecule may lead to retention of configuration in Syl reactions.) In p-methoxy- 
diphenylmethyl acetate the phenyl groups attached to the alkyl carbon atom, and the 
electron-releasing methoxyl group force the carbonium ion to become planar. Although 
it is easy to make such acetates, it is in general not possible to make optically active alkyl 
halides which generate carbonium ions whose stability is sufficiently high for them to 
become completely planar before attack of the reagent. This is because such alkyl halides 
ionise so readily that they racemise during their formation and isolation. Carboxylic 
esters do not suffer from this disability; they can often be resolved directly, as in the 
hydrogen phthalates,! or prepared by reactions which do not affect the bonds of the alkyl 
carbon atom. They therefore provide useful systems for studies on the stereochemical 
course of Syl reactions. 


EXPERIMENTAL 


Materials.—p-Methoxydiphenylmethy] alcohol, prepared from p-methoxybenzaldehyde and 
phenylmagnesium bromide,'* had m. p. 65-5°; it was acetylated by acetic anhydride in 
pyridine. The ester had b. p. 158°/0-9 mm., n? 1-5593. 

The hydrogen phthalate was resolved as its cinchonidine salt }* and reduced to p-methoxy- 
diphenylmethyl alcohol with lithium aluminium hydride in dry ether. The alcohol had [a]? 
—10-6° inCS,. It was acetylated in pyridine, with an excess of acetic anhydride, and was kept 
under these acetylating conditions for 48 hr. to ensure that the ester contained no unchanged 
alcohol. Instead of removing pyridine, acetic acid, and unchanged acetic anhydride by 
extraction, as was done in the preparation of the racemic ester, they were pumped off at ca. 
10-* mm. into a receiver cooled in liquid nitrogen. The optically active ester had n?> 1-559, 
and on reduction with lithium aluminium hydride gave an alcohol with (a)? —3-4° in CS,. 
Considerable racemisation had therefore occurred during acetylation, probably because the 
reaction time was too long. Fortunately the specific rotation of the ester was higher in aqueous 
70% dioxan, [«]?? S —12°, than in CS,. 

Kinetic Measurements.—The solvent was aqueous dioxan, containing 60% or 70% of purified 
dioxan (v/v). 

The hydrolysis of the racemic ester was followed by acid—base titration, and for a few of the 
acid runs by dilatometry. In hydrolyses in initially neutral, and in dilute acidic solution, the 
acetic acid formed was estimated by titration with standard alkali (ca. N/40). With acid 
concentrations >0-9m the volume of alkali required for neutralisation was large, so a sufficient 
known amount of more concentrated standard alkali to neutralise most of the acid was added 
from an automatic pipette, and the residual acid titrated in the normal way. 

Dilatometry was used for acid hydrolyses in aqueous 60% dioxan for perchloric acid con- 
centrations between 0-3 and 0-6m at 25°, with conventional tap dilatometers; first-order rate 
coefficients were calculated graphically. 

The alkaline hydrolysis was followed by acid—base titration. The alkali was lithium 
hydroxide, made by dissolving lithium metal in the solvent. Hydrolysis was stopped by 
addition of an excess of standard acid, which was then determined by titration. The con- 
centrations of both ester and hydroxide ion were restricted by their low solubilities in aqueous 
dioxan. The rate coefficients were calculated graphically from the usual second-order rate 
equation, or from an alternative approximate form when the initial concentrations of ester (a) 


11 Hughes, Trans. Faraday Soc., 1938, 34, 202. 
12 Balfe, Doughty, Kenyon, and Poplett, J., 1942, 605. 
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and hydroxide ions (b) were similar: k,¢t = (3a — b — 2*)/[2(a — x)?} — (3a — b)/2a*, where x 
is the extent of reaction. (This equation is derived by expansion of the usual second-order 
equation for the special case where the reactants are in similar concentrations.) As an example 
of alkaline hydrolysis at 0°, with initial molar concentrations of lithium hydroxide and ester of 
0-034 and 0-029 respectively, the percentages of reaction after various times (hr., in 
parentheses) were as follows: 17-2 (1), 29-9 (2), 37-2 (3), 44-7 (4), 50-7 (5). From this, 10%A, 
1-52 sec.-? mole“ 1. 

The extent of the capture of carbonium ions by azide ions was estimated by titration of 
acetic acid produced in complete hydrolysis of a known amount of ester in initially neutral 
aqueous 70°, dioxan, at 100°, in the presence of azideion. The results of these experiments are : 


I 


PER) CBE) siccsincccicccsocssccotncsesccnsscessesnsansseseesasecessoasssssucese 0 0-148 0-292 
Concn. of HOAc in c.c. of 0-0263N-NaOH per 5 c.c. portion ...... 19-76 1-66 0-63 
CREO SINE CHENIN TIE) cnccanscsventscnnmsinsoncnenanessccsinssse — 92 97 


Hydrolyses of the optically active ester were followed polarimetrically in initially neutral 
aqueous 70% dioxan at 72-9°. Control experiments showed that the alcohol was optically 
stable under the conditions of neutral hydrolysis and in the presence of 0-1M-lithium hydroxide. 
The latter result suggests that carbanions are not formed in these conditions. 

Added azide and acetate ions slightly decrease the polarimetrically measured rate of 
hydrolysis in initially neutral solution, but chloride ions have no effect. This may be, at least 
partially, because the anions of these weak acids generate small amounts of hydroxide ion 
which would react rapidly with the ester to give an optically active alcohol, hence reducing the 
rate of loss of optical activity. Such an effect must be small because both these ions reduce the 
rate of hydrolysis as measured chemically, whereas hydroxide ions increase it very considerably. 

Position of Bond Fission.—This was determined by isolating either product and determining 
its isotopic composition. The water in the aqueous dioxan contained 0-715 atom % excess of 
oxygen-18. Hydrolysis in initially neutral aqueous 70% dioxan at 72-9° for 165 hr. gave an 
alcohol with isotopic abundance of 0-722 atom % excess; that from a control experiment with 
added acetic acid had an abundance of 0-053 atom % excess. Base hydrolysis in aqueous 70% 
dioxan ({LiOH] = 0-061Mm) at 25° for 18 hr. gave an alcohol with isotopic abundance of 
0-005 atom % excess. The alcohol was not isolated from experiments on acid hydrolysis 
because it exchanges completely in the hydrolysis conditions. The exchange of acetic acid is 
slower than the acid hydrolysis, and to minimise the extent of exchange the reaction was stopped 
after one half-life and acetic acid isolated as its silver salt. 

Silver acetate isolated from acid hydrolyses in aqueous 60% dioxan at 25° ([HCI1O,)} = 
0-191m for 104 min. and [HClO,] = 0-281m for 70 min.) had isotopic abundances of 0-206 and 
0-208 atom % excess respectively. Control experiments with the above concentrations of 
perchloric acid for 89 and 45 min. respectively gave silver acetate of abundance 0-310 and 
0-192 atom % excess respectively. 


The authors thank Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., for their 
interest, Dr. D. R. Llewellyn for isotopically enriched water, Mr. B. Paszylk for suggestions, 
Mr. P. Chaffe for assistance with the isotope analyses, and the Ministry of Education for a 
scholarship (to T. H.). 
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594. <A Potentiometric Study of the Chloroiridate—Chloroiridite 
Couple. 


By Puiip Georce, G. I. H. HANantA, and D. H. IRVINE. 


When pure rhodium metal electrodes are used equilibrium is rapidly 

attained with the chloroiridate—chloroiridite couple, and satisfactory potentio- 

metric titrations of potassium chloroiridate in hydrochloric acid solution 

with potassium ferrocyanide have been carried out to measure its oxidation— 

reduction potential. 

At 20-3°, values obtained at several ionic strengths between 0-004 and 

0-110 showed the variation of E,’ with 4/J to approach linearity below +/J 

0-15, in accord with the simple Debye—Hiickel equation for a couple in which 

the oxidized and reduced forms carry charges of —2 and —3 respectively. 

From the extrapolated value at zero ionic strength and the temperature 

variation of E,’, which was found to be —0-00137 + 0-00005 v/°c, calcul- 

ation gives E, = 0-8665 at 25°. This value is about 0-14 v lower than those 

obtained by previous investigators using different electrodes with which 

equilibrium was established far more slowly. 
PREVIOUS investigators +? showed that the oxidation-reduction potential of the chloro- 
iridate-chloroiridite couple is about 1 v, and studied its variation with temperature and 
with ionic strength. Difficulty was encountered in getting stable potentials with platinum 
and especially gold electrodes which are attacked by chloroiridic acid. It was partially 
overcome by Woo ! who used iridium-plated glass electrodes, and to a greater extent by 
Dwyer et al.2 who used rhodium-plated glass electrodes. Nevertheless electrode equilibrium 
was only attained in about one hour. 

Finding potassium chloroiridate to be an exceptionally useful oxidizing agent in our 
studies of the higher oxidation states of hemoproteins * and requiring the thermodynamic 
data for the IrCl,?--IrCl,*- couple, we repeated the potential measurements. With pure 
rhodium electrodes stable potentials were set up almost immediately, and remained 
unchanged for hours. Unlike the previous workers we were able to carry out potentio- 
metric titrations of potassium chloroiridate, using potassium ferrocyanide as the reducing 
agent. This electron-transfer reaction is extremely rapid in spite of the high charges of 
like sign on the two ions. Our value of Ey for the IrCl,?-—IrCl,°~ couple is lower than the 
previous values by about 140 mv; but we found the same value for two samples of 
potassium chloroiridate, and a determination of the equilibrium constant for the reaction 
between IrCl,*~ and Fe(phen),”* substantiated this lower value. 


RESULTS 

The Titration of Potassium Chloroiridate with Potassium Ferrocyanide——About 2 x 10°M- 
solutions of potassium chloroiridate containing initially 0-31N-hydrogen chloride were used, 
giving an ionic strength at the half titration point of 0-30. The advantage of working at this 
relatively high acid concentration was that errors that could otherwise arise from diffusion of 
potassium chloride from the bridge and hydrolysis of the chloroiridate and chloroiridite ions were 
minimized. E.M.F. measurements were made 15 sec. after the addition of ferrocyanide, and 
then after longer time intervals. Electrode equilibrium was found to be established within 
30 sec. Fig. 1 shows the results of a typical titration at 20-3°. The linear slope, 0-0575, is 
within experimental error equal to that for a one-electron couple at this temperature, viz., 
0-0583. 


1 Woo, J]. Amer. Chem. Soc., 1931, 53, 469. 

* Dwyer, McKenzie, and Nyholm, J. Proc. Roy. Soc. New South Wales, 1944, 78, 260. 

3 George, Science, 1953, 117, 220; George and Irvine, Biochem. J., 1954, 58, 188; 1955, 60, 596. 
* George and Irvine, /., 1954, 587. 
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The Variation of E,’ with Temperature.—Similar titrations were carried out at 15-0°, 25-0°, 
31-4°, and 39-2°, and E,’, obtained from the half-titration point, is plotted against J in Fig. 2: 
dE,’ /dt 0-00137 + 0-00005v/°c. Inall cases, the slopes of the lines corresponding to that 
in Fig. 1 were equal to RT/F within experimental error. 
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The Variation of Ey’ with Ionic Strength—The results of these experiments are given in 
Table 1 and the plot of £,’ against +/J in Fig. 3. The lowest concentration of hydrochloric acid 
used was 6 x 10m, but even in these dilute solutions the potentials were stable for a long time, 
indicating that no serious hydrolysis of the chloroiridate or chloroiridite ion occurred. Further, 
the titrations were reproducible to within 0-5 mv. 


TaBLe 1. Variation of E' with ionic strength for the IrCl,2~-IrCl,3- couple at 20-3°. 


TF sesssssessesesosecensacossseraes 0-0042 0-0084 0-0223 0-038 0-058 0-110 
CPOE -dicidvehuisiecniendianehe 0-882 0-887 0-893 0-897 0-902 0-911 


According to the simple Debye—Hiickel theory, the mean activity coefficient of an ionic 
species of charge Z at low ionic strength is given by: — log f = AZ*4/I. Hence, since Ey’ = 
Eq + log (fox./frea.), Where fox. and f,,.4, are the activity coefficients of the oxidized and reduced 
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forms of a couple, the variation of E,’ with 4/J for the IrCl,?--IrCl,*~ couple should, in the 
limit, obey the equation 


E,’ = E, + (RT/F) . A[(—3)? — (—2)3)// 
tA. E,’ = E, + (5RTAF). VI 
At 20-3° the value of A is 0-5048 (Manov ef al.5) and so the limiting slope of the E,’-+/J curve 
should be 0-147. The straight line in Fig. 3 has been drawn with this theoretical limiting slope, 
and it can be seen that the experimental values approach this line below +/J = 0-15 to give an 
extrapolated value at zero ionic strength of 0-873 v. 

These E,’ values are much lower than those obtained by Woo ! (1-031 v in 1-0f-HC1 at 20°) 
and by Dwyer e¢ al.? (1-017 v at zero ionic strength and 20°). The question therefore arises as 
to which values are the more reliable. Woo observed that gold, and to a small extent platinum, 
electrodes were attacked in the iridium solution, and chose iridium-plated glass electrodes for 
his measurements. Electrode equilibrium was reached in a few hours. Ey,’ values were 
calculated from E.M.F. measurements on approximately 1:1, 1:3, and 1:4 mixtures of 
chloroiridate and chloroiridite, but no actual titration was carried out. Dwyer ef al. used 
rhodium-plated glass electrodes and approximately 1:1 mixtures: stirring was continued 
for many hours and a stable potential attained in about one hour. They also attempted a 
potentiometric titration of the chloroiridate with titanous chloride as the reducing agent, but, 
noting that the potential drop during the first 25% of reaction was much greater than expected, 
concluded that a false equilibrium was reached. 

However, the slow attainment of electrode equilibrium with a simple inorganic couple 
suggests that additional reactions are intervening at the electrode surface, and that it is under 
these conditions that a false equilibrium is set up, namely, one in which the potential values are 
not directly determined by the activities of the two components of the couple and the free energy 
change for its reaction with the H*—H, couple. Hence, since in the present experiments 
electrode equilibrium was attained as rapidly as with the ferricyanide ion—ferrocyanide ion 
couple, we believe these values to be the more reliable. 

An Indirect Determination of E,’ for the IrCl,?-—IrCl,3~ Couple.—An experimental check 
on the E,’ value independent of any E.M.F. measurements involving the IrCl,?~-IrCl,*~ 
couple is clearly desirable. The determination of the equilibrium constant for the reaction, 
Fe(phen),?~ + IrCl,2~ ~ Fe(phen),** + IrCl,*~, serves this purpose because E,’ for the 
Fe(phen),**—Fe(phen),?° couple is known with certainty to be a little greater than 1-0 v. 
Hume and Kolthoff * obtained a value of 1-06 v, thereby revising the original value of 
1-14 volt at 24-8° obtained by Walden ef al.’ If E,’ for the IrCl,?-—IrCl,°~ couple is equal to 
that for the Fe(phen),*~—Fe(phen),?* couple the equilibrium constant would be unity, whereas 
if the E,’ is lower, then, for each 50 mv, calculation shows that the equilibrium constant would 
fall by a factor of seven. By means of a spectrophotometric technique the equilibrium constant 
was measured for a series of initial concentrations of IrCl,2~ and Fe(phen),?* at 19-0° in 1-0Nn- 
hydrochloric acid, with the results listed in Table 2. The mean value of K, 3-5 + 0-5 x 10°, 


TABLE 2. Determination of the equilibrium constant for the reaction : 
Fe(phen),”* + IrCl,2- ~* Fe(phen),°* + IrCl,3~ in 1-ON-HCI at 19°. 


Initial concn. (10-5 mole 1.-!) Oxidn. (%%) of 
IrCl,?- Fe(phen),? Fe(phen),? 10°K 
5-0 5-0 5-7 3-7 
75 5-0 6-8 3-4 
10-0 5-0 8-7 4-3 
10-0 2-5 9-5 2-5 
10-0 1-25 15-7 3-7 


Mean K = 3-5 + 0-5 x 10°%. 


is very far from unity. Under identical conditions of temperature and acid concentration E,’ 
for the Fe(phen),**—Fe(phen),** couple was determined by titration as 1-056 v, which compares 
very favourably with that obtained by Hume and Kolthoff.* From these data, E,’ for the 


5 Manov, Bates, Hamer, and Acree, J. Amer. Chem. Soc., 1943, 65, 1765. 


* Hume and Kolthoff, ibid., p. 1895. 
?7 Walden, Hammett, and Chapman, ibid., 1933, 55, 2649. 
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IrCl*--IrCl,*~ couple is calculated to be 0-912 + 0-005 v. At 20° and with 0-3m-hydrochloric 
acid the value obtained by direct ferrocyanide titration is 0-922 v. The very close agreement 
is a good reason for regarding the lower values as more reliable than the high values reported by 
the previous investigators. 

This method for determining E,’ via the equilibrium constant may be criticized because of 
the possibility ‘of complex formation, IrCl,?~ + Fe(phen),**, IrCl,3~ + Fe(phen),?*, and 
IrCl,*~ +. Fe(phen),**, which would introduce additional free-energy terms besides that for the 
oxidation-reduction reaction. In the dilute solutions employed (10-‘m) it is, however, very 
unlikely that ion-pair complex formation of this kind would be significant. Furthermore, it is 
very improbable that Ey’ values so very similar would be obtained if a false equilibrium were 
set up in the titration and complex formation occurred in the reaction with Fe(phen),?*. 


DISCUSSION 

From the extrapolation giving Ey = 0-873 v at 20-3°, and dE’,/d¢ = —0-00137 + 
0-00005 v/°c, Eg at 25° is calculated to be 0-8665 v, and hence the standard free-energy 
change for the reduction of chloroiridate by hydrogen, IrCl,?~ + }H, ~*~ IrCl,3- + H~, 
is —20-0 kcal./mole. Calculation also gives AH = —30-5 + 0-5 kcal./mole and AS° = 
—35-2 eu. Taking Sy,° = 31-2 e.u.® and following the convention that Sy+° = 0, we 
calculate the difference between the partial molal entropies ® of the chloroiridite and chloro- 
iridate ions, S°(IrCl,*~) — S°(IrCl,?~), to be —19-6e.u. A negative value is to be expected 
because of the higher charge on the chloroiridite ion, and the difference may be compared 
with the corresponding differences for the Fe?* and Fe** aquo-ions (—43-0 e.u.), and the 
HPO,” and PO,* oxyanions (—43-4 e.u.).8 Of the three pairs of ions, IrCl,?~ and IrC1,3~ 
are undoubtedly the largest, and a smaller partial molal entropy difference is to be expected. 
If Woo’s values ! for AG° and AH afe used, namely, —23-54 and —30-4 kcal./mole respec- 
tively, AS° = —23-1 e.u. and S°(IrCl,3-) — S°(IrCl,2-) = —7-5 e.u. This value, which 
is so small compared with those for the other pairs of similarly charged ions, may be taken 
as a further indication that the potential values from which they are obtained are less 
reliable. 


EXPERIMENTAL 


Materials —Two samples of potassium chloroiridate were used. One, from Johnson 
Matthey & Co., had no purity specification, but spectrophotometric titration with “‘ AnalaR ”’ 
potassium ferrocyanide (water distilled from dilute potassium permanganate) showed it to be 
at least 98% pure. The other sample, of 99% purity, was kindly lent to us by the 
Mond Nickel Co., in addition to the pure rhodium wire, about 1 mm. diameter, which was used 
for the electrodes. 

The calomel electrode made up for these measurements was calibrated by comparison 
against a standard saturated calomel electrode using a separate potentiometer circuit and a 
Weston standard cell. At 25° its potential was 0-244, v. 

Measurement of E.M.F.—The titration cell consisted of two compartments, one containing 
a saturated calomel electrode connected through an agar—potassium chloride bridge to the other 
containing the two rhodium electrodes and the potassium chloroiridate solution, approx. 
2x 10%m. ‘“ AnalaR ”’ potassium ferrocyanide, about 10m, was added three drops at a time 
from a small burette, and the chloroiridate solution was stirred by a magnetic stirrer. The two 
rhodium electrodes were cleaned before each titration by immersion in concentrated nitric acid, 
washing with distilled water, and burning in an alcohol flame. Throughout the potentiometric 
titrations, for which a Cambridge pH meter circuit was used, no detectable difference between 
them was noticed and the E.M.F. readings were reproducible to within 0-0005 v. Temperature 
was controlled throughout the titration by thermostat water circulating around the cell; at all 
temperatures the variation was 0-1° except at the highest, 39-2°, where it was 0-2°. 

Determination of the Equilibrium Constant for the Reaction IrCl,?~ + Fe(phen),?* <» 
IrCl,3- + Fe(phen),**.—Solutions were made up in 1-0N-hydrochloric acid at 19° containing 

8 Latimer, ‘‘ Oxidation Potentials,’’ Prentice-Hall, Inc., New York, 2nd edn., 1952. 


® For definition of this term see Glasstone, ‘‘ Physical Chemistry,’’ Van Nostrand, New York, 1946, 
2nd edn., p. 1011. 
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initial concentrations of IrCl,?~ and Fe(phen),?* as given in Table 2. The percentage oxidation 
of Fe(phen),?* and reduction of IrCl,?~ was measured with a Beckman DU spectrophotometer 
at 510 and 490 my, which are respectively wavelengths for peak absorption by the two reactants. 
Consistent values were obtained, and the equilibrium constant was evaluated : 


K = [IrCl,*~][Fe(phen),**] /[IrCl,?-][Fe(phen),?*] 
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595. Oxidation by Nitrous and Nitric Acid. Part V.* The 
Kinetics of Nitrosation of Aliphatic Ketones. 


By K. SINGER and (Miss) P. A, VAMPLEW. 


The rate of nitrosation of some aliphatic ketones in aqueous mineral acid 
is of approximately first order with respect to both ketone and nitrous acid, 
and increases roughly linearly with acidity. The kinetic results indicate 
that the reaction proceeds mainly through an attack by NO* at the carbonyl- 
oxygen atom of the keto-form. There is a positive correlation between the 
second-order velocity constants and the inductive electron-release caused by 
substituents at the carbonyl group. 


THE reaction between nitrous acid and aliphatic ketones ! was studied because of its use 
in preparative organic chemistry and because there is evidence that this reaction represents 
the first step in the oxidation of aliphatic ketones by aqueous nitric acid. The rate of 
oxidation of ketones by ceric sulphate,’ selenious acid,‘ dichromate,’ ferricyanide,® 
permanganate,’ and manganic pyrophosphate ® appears to depend either on the rate of 
enolisation or on the equilibrium concentration of enol. The present work deals mainly 
with the reactions between nitrous acid and acetone, ethyl methyl ketone, and diethyl 
ketone. Some results are also reported for methyl -propyl, methyl ssopropy] and isobutyl 
methyl ketone. The reaction media usually contained 2—5 x 10°m-“ analytical ”’ 
nitrous acid (t.e., entities which diazotise aromatic amines under the conditions of the 
colorimetric method of analysis used), 0-05—1-6m-ketone, 0-1—3m-perchloric acid, and 
sodium perchlorate to keep the ionic strength constant at 3-1m. Some experiments were 
carried out in perchloric acid media in which 15% of the solvent water was replaced by 
acetic acid (to ensure sufficient solubility of the ketone), and one series was carried out in 
aqueous sulphuric acid not kept at constant ionic strength. Most experiments were done 
at 25°. The disappearance of nitrous acid, corrected for loss by evaporation and/or self- 
decomposition, was measured colorimetrically and the stoicheiometry of the reaction was 
checked (in some of the runs) by determination of the intensity of the ultraviolet absorption 
bands of the hydroxyimino-ketone. 
* Part IV, J., 1956, 3971. 


1 Claisen and Manasse, Ber., 1887, 20, 656, 2194. 

2 Behrend and Tryller, Annalen, 1894, 283, 209. 

* Hinshelwood and Shorter, /., 1950, 3276. 

* M’elnikov and Robitskaya, J. Gen. Chem. (U.S.S.R.), 1937, 7, 2738. 
5 Petit, Bull. Soc. chim. (France), 1945, 12, 568. 

* Speakman and Waters, J., 1955, 40. 

? Cullis and Ladbury, ibid., p. 2850. 

§ Drummond and Waters, ibid., p. 497. 
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RESULTS 
Satisfactory first-order dependence on “ analytical’’ nitrous acid was observed in indi- 
vidual runs: typical plots of log (HNO,) (Fig. 1) [(HNO,) denotes the concentration of 
“analytical ’’ nitrous acid] remain linear up to 60—80% conversion of nitrous acid. In media 
of higher acidity the negative slope of log (HNO,) against time increases after ca. 50% con- 
version of the nitrous acid, probably owing to consumption of nitrous acid by decomposition 


Fic. 1. Variation of log (HNO,) with time 
for 0-56M-ethyl methyl ketone at 25°. 


A, Control. B, In 0-092mM-HCIO,. C, In 
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products (e.g., hydroxylamine). The apparent first-order constants (k’) at constant ketone 
concentration increase with the initial concentration of ‘‘ analytical’’ nitrous acid. This 
trend is slightly smaller in media containing acetic acid (Table 1). Good first-order dependence 
with respect to ketone was observed for acetone and for methyl m-propyl ketone. The second- 
order “‘ constants ’’’ k = k’/[ketone] for ethyl methyl ketone and diethyl ketone decrease with 
increasing ketone concentration (Tables 2, 2a). 


TABLE 1 Effect of the initial concentration of nitrous acid on the apparent second-order 
velocity constant for ethyl methyl ketone. 
H,SO,, total ionic strength = 3-Im; 25°. 


[H,SO,) Initial (HNO,) [(COMeEt} 10k’ 10°k (k = k’/[{ketone)}) * 
(mM) (10-m) (mM) (min.~*) (1. mole min.) 
0-51 10 0-56 10-7 19-1 

4-7 - 7-42 13-3 
2-53 ~ 5-59 9-98 
1-75 ii 4-87 8-68 
HCIO, + 15% (vol.) acetic acid, total ionic strength = 3-Im; 25°. 
([HCIO,)} (m) Initial (HNO,) (10-*m) [(COMeEt] 10°’ (min.~) 10-82 (1. mole min.~") 

0-12 10 0-22 6-05 27-5 

in 5 ee 5-21 23-7 
2 ee 3:25 14-8 


* Here and in other Tables. 
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Rates of formation of hydroxyimino-ketone were measured for ethyl methyl ketone, diethyl 
ketone, and acetone. For the first two ketones this rate is initially equal to, but in the later 
stages of the reaction less than, the rate of consumption of nitrous acid. The discrepancy 
increases with acidity (Table 3). Separate experiments showed that hydrolysis of the hydroxy- 
imino-ketones is sufficiently fast to account for much of this discrepancy, but that further 
reactions between nitrous acid and this compound and/or its hydrolysis products also contribute, 


Ax 8 


2:-Or 


Fic. 2a. Variation of log (k — ky) for 
ethyl methyl ketone with acidity in 
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=1-0 0-0 1-0 
Z l j 
re) 4 4 j — 
-/-0 0-0 40 


-H. 


particularly at high acidity. The yield of hydroxyiminoacetone is <10% and not reproducible ; 
nitrosation appears to be accompanied or followed by complicated reactions. 

The results obtained for all ketones in perchloric acid media of constant ionic strength 
are compatible with a roughly linear increase of the second-order constant with hydrogen-ion 
concentration, i.e., k = ky + kq+[H*] (Tables 4, 5; Fig. 2). The values of ky appear 


TABLE 2. Effect of the ketone concentration on the apparent second-order velocity constant. 


HCIO,, total ionic strength = 3-1m. 


Initial 108k Initial 108k 
\HCIO,) (HNO,) [Ketone] 10%%’ (1. mole’  (HCIO,) (HNO,) [Ketone] 10%%’ (1. mole? 
(M) (10-8) (M) (min.-?) min.~*) (m) (10-m) (mM) (min.-!) min.~) 
7 Acetone, 35 Ethyl methyl ketone, 35° 
117 2:35 1-09 17-2 15-8 0-47 470 0-22 22-6 103 
, 0-54 8-42 15-6 0-11 12-5 114 
0-27 42500 15:7 ; 7 0056 773 138 
0-135 1-96 14-5 fo > 
: ni Diethyl ketone, 25° 
cn, 0:58 “0-38 13-6 35-8 
1-18 e 0-27 12-7 4-70 - ‘ 0-19 7-21 37.9 
O-136 7-6 5-50 * . 0-065 4-30 45-2 
0-054 2-77 5-10 és 3 0-048 9-3] 43-1 
. , 9n° ce et ne 
- — matiye Setvne, SB HCIO, + 15% (vol.) acetic acid, total ionic 
0-47 4-70 1-11 32-6 29-3 streneth — 3-1m 
- 0-56 7-§ . ‘ Be cae 
* 0-22 es es Ethyl methyl ketone, 25 
- “a 0-11 5-61 51-0 0-60 2-35 0-56 25-1 44-8 
1-33 ‘eo 0-56 32-3 57-6 os = a 9-98 aa 
* 0-22 17-6 81-4 v0 0 0- 5°76 52- 
0-11 9-52 86-5 o» - 0-056 3°31 59-1 
o-css 4¢2 S36 Methyl n-propyl ketone, 25° 
Ethyl methyl ketone, 35° . me 0-38 26-7 70-3 
0-09 4-70 0-22 10-6 48-2 - oe 0-19 13-3 70-0 
» - 0-11 4:79 43-5 - o» 0-095 6-62 69-8 
oo 0-056 2-75 49-1 = ‘“ 0-048 3-25 67-8 
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TABLE 2a. Variation of the velocity constant of ethyl methyl ketone with acidity and with 
concentration of ketone in aqueous sulphuric acid. 
25°; initial (HNO,) = 4-70 x 10°. 


108k 108k 
[H,SO,} [Ketone] 108k’ = (1. mole! [H,SO,) [Ketone] 103k’ (1. mole? 
(mM) Hy, (mM) (min.-?) (min.~) (mM) H, (mM) (min.) min.—") 

0-10 —]-22 1-67 9-40 5-63 1-00 —0-18 1-11 22-7 20°5 
Bs a 1-11 7:34 6-61 a a4 0-56 13-4 23-9 
q a 0-56 4-24 7-57 - - 0-22 6-74 30-6 
= ; 0-22 2-15 9-76 an - 0-11 3-77 34-3 
= oa 0-11 1-25 11-2 1-50 0-18 0-56 24-1 43-4 
0-51 —0-54 1-67 21-5 12-9 2-07 0-43 0-79 48-4 61-3 
- 1-11 14-8 13-2 ~ i 0-56 35-9 64-2 
‘ 0-56 7-42 13-2 ~ ee 0-22 18-4 83-7 
0-22 4-55 20-7 = = 0-11 9-80 89-0 

0-11 2-33 21-2 mn fs 0-056 5-80 103 

0-056 1-40 25-0 2-50 0-64 0-22 29-0 132 

3-00 0-91 0-11 24-8 226 


TABLE 3. Comparison between the rate of consumption of nitrous acid and the rate of 
formation of hydroxyimino-ketone (X); 25°. 


FREED GH) eivncctcinssasesnssassesins 0-12,HCIO, 0-10,H,SO, 1-04,H,SO,, 
CR cee ee 0-19 0-56 0-56 
Initial [((HNO,)] (10-®M) ............ 2-35 4-70 4:70 
Consumption ’ Consumption Consumption 
Time [X] of (HNO,) Time [X] of (HNO,) Time [X] of (HNO,) 
(min.) (10-m) (10-$m) (min.) (10-'m) (10-*m) (min.) (10-'m) (10-$m) 
Diethyl ketone Ethyl methyl ketone Ethyl methyl ketone 
20 0-33 0-31 10 0-12 0-17 15 0-72 0-70 
40 0-63 0-65 50 . 0-87 0-86 30 1-23 1-39 
60 0-87 0-95 90 1-41 1-43 45 1-54 1-93 
100 1-20 1-34 130 1-79 1-88 60 1-73 2-35 
140 1-43 1-80 170 2-05 2-27 75 1-86 2-74 
220 2-25 2-67 90 1-86 3-04 
105 1-92 3-29 


TABLE 4. Effect of acidity on the apparent second-order velocity constant. 


HC10,, total ionic strength = 3-1m; 25°; HClO, + 15% (vol.) acetic acid, total ionic 
initial (HNO,) = 2-35 x 10-°m. strength = 3-lm; 25°; initial (HNO,) = 
(HCIO,) [Ketone] 108k’ 108x 2-35 x 10-°m. 
(mM) (mM) (min.~!) (1. mole! min.~) fHC1O,) [Ketone] 103k’ 10°k 
Acetone (M) (mM) (min.~') (1. mole~! min.“*) 
3-06 0-54 25-0 46-3 Ethyl methyl ketone 
2-58 ad 22-0 40-4 2-38 0-22 30-0 135 
2-01 bs 14-5 27-1 1-79 * 25-7 117 
1-53 ” 10-8 19-9 1-12 a 20-6 93-7 
1-17 om 8-42 15-5 0-89 “ 14-1 63-5 
0-82 a 5°25 9-71 0-60 as 9-98 45-3 
0-59 ia 3-61 7°37 0-12 ‘i 3-30 15-0 
0-35 ‘a 2-21 4-06 
0-12 v 0-36 0-672 Methyl n-propyl ketone 
Ethyl methyl ketone 2-98 0-09 31-2 327 
3-10 0-11 17-9 161 2-38 0-19 46-5 245 
2-73 0-11 14-9 134 1-79 a 32-0 168 
2-32 0-22 25-1 113 1-19 i 23-0 121 
1-78 0-22 20-3 91-2 0-89 v 18-3 96-3 
1-34 0-56 32-3 58-3 0-60 ay 13-3 69-9 
0-92 0-56 28-0 50-4 0-12 0-28 4°37 15-6 
0-46 0-56 17-8 30-5 
0-09 0-56 7-65 13-8 Methyl isopropyl ketone 
Diethyl ketone 1-12 0-19 49-5 260 
3-04 0-19 30-2 160 0-12 0-28 20-2 12-2 
2-67 ‘“ 21-1 112 
1-99 a 18-6 98-4 isoButyl methyl ketone 
1-17 ” 12-1 64-0 1-12 0-32 11-3 35:3 
0-58 7-21 38-1 0-12 = 1-83 5-72 
0-12 3-34 17-6 
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TABLE 5. Values of kg and ky+ in the equation k = ky + Ry+(H*]; 25°. 


107k, 10°k_+ 10% at [H*] = 1 10%, 10%_+ 10%at(H+j =1 
In aq. HC1O, In aq. HCIO, + 15%, of ACOH 
COMe, ... 0 13 13 COMeEt... 10 59 68 
COMeEt... 10 44 54 COMePr®... 10 93 102 
lll 10 44 54 COMePr'* 50 183 232 
COMeBu'* — 10 29 39 


* From two experimental points only. 


TABLE 6. Effect of added salt. 
Aq. H,SO,; initial (HNO,) = 4:70 x 10m; 25 








Na,SO,] [COMeEt 108k’ 108k Na,SO,] [COMeEt}] 108%’ 108k 
(mM) (mM) (min.-') (1. mole! min.~) (M) (mM) (min.~') (1. mole min.~") 
H,SO,) = 0-52 H,SO,] = 2-59m 
0-00 0-56 7-98 14-2 0-00 0-22 26-9 122 
0-30 hs. 8-18 14-6 0-50 ~ 42-9 195 
1-00 ind 10-4 18-6 1-00 a 48-3 220 
Ao 
8 
= v. 
/ - Cs 
OF ¢ NS 
é . ee , 
7 Fic. 3. Variation of logy, k with 1/T. 
= 
= 3 he A, COMePr®. B, COEt,. C, COMeEt, [H*] 
oor 047M. D, COMeEt, [H*] — 0-09. 
E, COMe,. 
FOL es F . , 
J2@ I33 he JS F6 I7 
10°/r 


TABLE 7. Effect of added sulphate ion. 


Aq. H,SO,, total ionic strength = mM; pH = 1-03; initial (HNO,) = 2-35 x 10-°m; ethyl methyl 
ketone = 0-56M. 


[Added NaHSO,] (Mm) ........... 0-13 0-25 0-50 0-63 

ON ag be eer 0-017 0-025 0-040 0-070 

Be CRS) caccccconevscsencccerene 3-84 3-80 3-61 3-89 
* From [H*)}[(SO,?-]/[HSO,-] = 2 x 10%. 


TABLE 8. Arrhenius parameters. 
Aq. HC1Q,, ionic strength = 3-1M. 


(HCIO,)} 10% (1. mole“! min.~*) E A 
(mM) 273° k 298° k 313° K (cal. mole) (1. mole sec.~) 
Cen cesecesseisscccess 1-55 1-75 19-2 80-8 15,800 10 x 108 
IEE chssndenencens 0-09 1-19 13-8 45-9 15,600 0-54 x 108 
oo ee 0-47 2-30 30-3 102 16,100 2-7 x 108 
COPE nscccccnieseoccnes 0-58 3-20 38-1 131 15,500 1-35 x 108 
CEE” = kncsvsccceee 0-60 * 2-88 70:8 297 19,700 2:7 x 10% 


* By interpolation from data obtained at different [HCI1O,]}. 


to be equal for all the ketones investigated except acetone and methyl isopropyl ketone. In 
aqueous sulphuric acid, not kept at constant ionic strength, & for ethyl methyl ketone does 
not vary linearly with [H,SO,] but appears to obey the relation log (& — ky) = a+ bH, 
(H, = Hammett’s acidity function; a@ and b are constants; b = —0-86 to —0-93). The 
points corresponding to 0-1M-sulphuric acid are probably affected by the uncertainty in the 
extrapolated values of k, (Table 2a, Fig. 2a). 
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With ethyl methyl ketone the rate increases with ionic strength (Table 6), and small additions 
of sulphate ion at constant pH and ionic strength do not affect it (Table 7). 

Arrhenius parameters for the second-order constants of acetone, and ethyl methyl, diethyl, 
and methyl n-propyl ketone were determined from experiments at 0°, 25°, and 40° (Table 8, 
Fig. 3). The values for acetone, ethyl methyl ketone, and diethyl ketone are similar; for 
methyl »-propyl ketone both E and A are larger. Change of acidity has little effect on the 
parameters (of ethyl methyl ketone). 


DISCUSSION 

Under the conditions used, “ analytical” nitrous acid consists almost entirely of 
molecular nitrous acid. The approximate first order with respect to “ analytical ’’ nitrous 
acid and the relation k = ky + ky+{H*] at constant ionic strength [and log (k — ky) = 
const. — 0-9H, in aqueous sulphuric acid] therefore indicate that a positively charged 
entity (probably NO*) and a neutral molecule (probably HNO,) participate in the reaction. 
The smallness of the intercept ky suggests that, except at low acidity, attack by NO* 
predominates. No satisfactory explanation can be offered for the strong trend of the 
second-order “‘ constant ’’ with initial concentration of nitrous acid. A reaction path 
involving more than one molecule of nitrous acid [e.g., if N,O, or ketals R’R’”C(O-NO),. 
were active entities} is not chemically implausible; but the consequent departure from 
first order with respect to nitrous acid should also be discernible in individual kinetic runs, 
causing a flattening of the plot of log (HNO,) against time during the later stages of the 
reaction. It is conceivable, but not likely, that the consumption of nitrous acid by side 
reactions (which certainly occur) may just counterbalance this effect, so that the linear 
plot extends down to 60—80% conversion of nitrous acid, as observed. Another explan- 
ation, consumption of a fixed amount of nitrous acid by a rapid side reaction (which is not 
reversible in the reaction mixture but is reversed when nitrous acid is estimated in the 
samples), is kinetically possible but chemically implausible. It is possible that a portion 
of the nitrous acid (not necessarily depending on its concentration) would be removed by 
association with the ketone, or by ketal formation or esterification with hydroxylic 
impurities. But in all such cases one would expect rapid establishment of an equilibrium 
(t.e., rapid reverse as well as forward reaction) and this would not lead to the observed 
kinetics. It is perhaps significant that a similar trend of the second-order constant was 
also observed in the oxidation of formic acid (which contains an aldehydic CO group) by 
nitrous acid 1 but not in that of oxalic acid. 

The deviation from first order with respect to ketone may be a medium effect since the 
‘concentrations of ketone were not small and frequently near saturation. 

In contrast to oxidations of ketones hitherto studied ** and contrary to published 
opinion,’ nitrosation does not appear to proceed via the enol form. The rate of nitros- 
ation is greater than the acid-catalysed rate of enolisation }* * under similar conditions. 
Thus, for acetone, nitrosation in 0-15N-mineral acid is approximately seven times as fast 
as enolisation,* while for other ketones nitrosation (but not the rate of enolisation) is 
considerably faster than for acetone (Fig. 2). This proves that, unless enolisation is very 
strongly catalysed by HNO, or NO‘, the rate-determining step involves the keto-form. 
It was also found that the velocity of nitrosation was the same whether the ketone had 
been added to the aqueous solution immediately or several days before the commencement 
of a kinetic run, although in the former case the initial (very small) enol concentration 
should be 2—3 times as high as in the latter.15 

The linear increase of the rate of nitrosation with hydrogen-ion concentration is equally 


Singer and Vamplew, /J., 1956, 3971. 
10 Longstaff and Singer, /J., 1954, 2604. 
11 Vamplew and Singer, J., 1956, 1143. 
12 Sidgwick, “* Organic Chemistry of Nitrogen,’’ Oxford, 1936, p. 171. 
13 Schwarzenbach and Witwer, Helv. Chim. Acta, 1947, 39, 659. 

1 Reitz, Z. phys. Chem., 1937, 179, A, 119. 

1° Schwarzenbach and Felder, Helv. Chim. Acta, 1944, 27, 1044. 
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compatible, kinetically, with a rate-determining step between NO and ketone and with 
one between HNO, and protonated ketone. There is, however, evidence that the 
equilibrium ratio [ketone,H*]/{ketone} at a given acidity is much smaller than the ratio 
(NO*)}/[HNO,]. Thus, the ratio [acetophenone,H*]/[acetophenone] =1 in ca. 72% 
sulphuric acid,!® and this probably also applies roughly to aliphatic ketones as their 
basicity is similar to that of acetophenone.!? The ratio [NO*]/[HNO,], on the other hand, 
= 1 in ca. 55% sulphuric acid.'8 This, as well as the fact that attack by NO* on the 
highly negative carbonyl-oxygen atom is more plausible than attack by protonated ketone 
on HNO,, strongly indicates that the rate-determining step at moderate acidity is 
predominantly NO* + ketone —» (ketone,NO)*. 

If NO* attacks the ketone at the point of highest electron density, 7.e., at the carbonyl- 
oxygen atom, one might expect the relative rates for different ketones to vary as the 
electron-releasing inductive effect exerted by substituents at the carbonyl group. 
At [H*] = 1 the relative rates of nitrosation are: COMe, 1, COMeEt 4, COMePr® 8, 
COMePr' 17, COMeBui 3-3, COEt, 4, i.e., they correspond to the order Me < Bu' < Et < 
Pr® < Pri which is, with the exception of isobutyl (where there may be steric hindrance), 
the order of the normal electron-releasing inductive effect. This is to be contrasted with 
the entirely different effect of homologous substitution on reactions of ketones which have 
been interpreted in terms of a hyperconjugative control of the rate of enolisation or of the 
equilibrium concentration of enol.?® 

The rate-determining step in the acid-catalysed nitrosation of ketones does not appear 
to involve loss of a proton. This is indicated by the absence of catalysis by added sulphate 
ion and by the linear relation between log (k — ky) and Hg (rather than log [H,SO,)}) in 
aqueous sulphuric acid. For the latter fact must be interpreted according to the well- 
supported criterion of Zucker and Hammett ?° as showing that water is not present in the 
activated complex (which would be necessary for the removal of a proton in mineral acid). 

The kinetic data do not permit inferences as to the detailed mechanism of nitrosation 
and the following scheme is put forward very tentatively 


(1) NO* + R-CO-CH,R’ ——» *CR(O-NO)-CH,R } — 
(la) HNO, + R-CO-CH,R’ —— *CR(O-NO):CH,R + OH 

(2) *CR(O-NO)-CH,R ——» R-CO-CHR”"NO + H+ Fast 
(3) R°CO-CHR”NO + H* R*CO-CHR”N-OH* Equil. 
(4) R-CO-CHR”N-OH* ——» R-CO-CR’"N-OH + H* Fast 


(In the case of methyl isopropyl ketone the reaction would of course stop after step 2.) 

Reduction of ketones by lithium aluminium hydride appears to be another reaction in 
which a positive ion attacks the carbonyl oxygen.*! 

The kinetic results for the nitrosation of ketones in conjunction with the spectroscopic 
data on the ratio [NO*]/[HNO,] in 30—60% aqueous perchloric acid ® permit rough estim- 
ation of the “constant” K’ = K . fuxo, .fa+/fso+ in dilute aqueous perchloric acid- 
sodium perchlorate of ionic strength » = 3m. If it is assumed that the observed linear 
increase in the rate of nitrosation with [H*] is due to a linear increase of [NO*] in 0-1— 
3M-perchloric acid, and further, that [NO*] would continue to increase linearly in up to 
4m-perchloric acid, in which the ratio [NO*]/[HNO,] can be estimated by extrapolation of 
the spectroscopic results, one obtains K’ = 3 x 10-5. Table 8 shows that this value leads 
to quite “ normal” A factors for a bimolecular reaction between ketone and NO‘, v7z., 


16 Flexsner, Hammett, and Dingwall, J]. Amer. Chem. Soc., 1935, 57, 2108. 

17 Pratt and Matsuda, ]. Amer. Chem. Soc., 1953, 75, 3739. 

18 Bayliss and Watts, Chem. and Ind., 1955, 1353; Singer and Vamplew, unpublished work. 
'® Cardwell and Kilner, J., 1951, 2430; Shorter, J., 1950, 3425. 

2° Zucker and Hammett, /. Amer. Chem. Soc., 1939, 61, 2791. 

21 Nystrom and Brown, ibid., 1947, 69, 1197. 
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10'2—10" for acetone, ethyl methyl ketone, and diethyl ketone, while the A factor for 
methyl -propyl ketone would be high (= 1015) but not impossibly so. 


EXPERIMENTAL 


Materials.—‘‘ AnalaR’’ perchloric acid (72%), acetic acid, and inorganic salts were used 
without further purification. Redistilled ketones (supplied by Messrs. Hopkin & Williams) 
were dried (CaSQ,) and the fractions boiling within +0-5° collected. These were used after further 
drying (CaSQ,). 

Pure samples of the following hydroxyimino-ketones were prepared as described in the 
literature : hydroxyiminoacetone,”* m. p. 66-5—67-5° (from carbon tetrachloride); diacetyl 
monoxime,”* m. p. 75—76° (from water); 3-hydroxyiminopentan-2-one,2* m. p. 58—59-5° 
{from ligroin (b. p. 80—100°)]. 

Preparation of Solutions.—Sulphuric and perchloric acid were standardised by titration. 
Reaction media were prepared by mixing calculated volumes of perchloric acid, aqueous sodium 
perchlorate, ketone, and sodium nitrite solution, and diluting the whole with water to 100 ml. 
Sodium perchlorate was added to keep the ionic strength at 3-1M in all perchloric acid media. 
All experiments with methyl »-propyl, methyl isopropyl, and isobutyl methyl ketone, and some 
experiments with ethyl methyl and with diethyl ketone were carried out in media containing 
15% (by volume) of acetic acid, added before dilution to 100 ml. with water. The first three 
ketones are not sufficiently soluble in aqueous perchloric acid. 

To investigate the effect of the initial enol concentration measurements were carried out 
with media prepared as follows: (a) reactants were mixed immediately before the commence- 
ment of the run; (b) reactants, except sodium nitrite (and some of the solvent water), were 
kept at room temperature before the commencement of the runs for periods between several 
hours and 2 weeks. The enol concentration in ketones decreases slowly but considerably after 
mixing with water.!® ° 

To investigate the effect of sulphate ions, equal volumes (10 ml.) of sodium hydrogen 
sulphate (0-1—0-65M) and sodium sulphate (0-017—0-07M) were titrated with M-sodium 
hydroxide until the measured pH was approximately 1. The approximate ratio, 
bisulphate : sulphate, required to give pH 1, thus having been found, similar titrations were 
carried out with solutions containing, in addition, ketone and sodium perchlorate (0-95M) and 
sufficient water to bring the total volume nearly to 100 ml. by the end of the titration (i.e., 
when pH = 1-03 was measured). These titrations gave the data required for the preparation 
of the reaction media. 

Determination of ‘‘ Analytical ’’ Nitrous Acid.—Shinn’s colorimetric method *4 was used. 

Determination of Hydroxyimino-ketones.—Extinction curves in the ultraviolet region were 
measured for hydroxyiminoacetone, diacetyl monoxime, and 3-hydroxyiminopentan-2-one. 
These compounds have stable absorption spectra in 0-05N-sodium hydroxide with a strong band 
(Emax. ~~ 1-60 x 10*) at 2675 A. The concentration of oxime was measured by making samples 
alkaline, diluting them to a known volume, and measuring the extinction in the neighbourhood 
of 2675 A on a Hilger “‘ Uvispec ’’ spectrophotometer. As aliphatic ketones absorb light in 
this region, the reference cell was filled with a solution containing the same amount of ketone as 
the sample cell. 
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22 Tschugaeff, J. Russ. Phys. Chem. Soc., 1910, 41, 1955. 
23 Claisen and Manasse, Ber., 1889, 22, 526. 
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596. Condensation Products of Phenols and Ketones. Part XII.* 
Studies with m-Cresol, m-Ethylphenol, and 3 : 4-Dimethylphenol. 


By Witson Baker, J. F. W. McOmie, and J. H. WIp. 


m-Ethylphenol condenses with acetone to give 7 : 4’-diethyl-2’-hydroxy- 
2:4: 4-trimethylflavan (II; R = Et, R’ =H) and a small amount of 
4:4: 4’: 4’-tetramethyl-7 : 7’-diethyl-2 : 2’-spirobischroman (V; R = Et, 
R’ = BH). 

3: 4-Dimethylphenol similarly gives the related flavan (II; R = R’ 

= Me) convertible by acid into the spirochroman (V; R = R’ = Me). 

m-Cresol and cyclohexanone give cyclohexanespiro-4-(2’-hydroxy-7 : 4’- 
dimethyl-2 : 3-tetramethyleneflavan) (VI). 

Some crystalline complexes of these flavans are described. 


m-ETHYLPHENOL condenses with acetone and hydrogen chloride to give as the major 
reaction product the crystalline 7 : 4’-diethyl-2’-hydroxy-2 : 4: 4-trimethylflavan (II: 
R = Et, R’ =H). Thestructure of this product was established by a two-stage oxidation 
with potassium permanganate which gave first 7-ethyl-2 : 4: 4-trimethylchroman-2- 
carboxylic acid (III) by oxidation in boiling acetone, and then the known 2 : 4 : 4-trimethyl- 
chroman-2 : 7-dicarboxylic acid ! (IV) by oxidation in aqueous sodium carbonate. Com- 
pound (II; R = Et, R’ = H) is crytophenolic as are other related 2’-hydroxyflavans, but 
the hydroxyl group may be acetylated and methylated. The minor product of the reaction 
between m-ethylphenol and acetone is the non- i pe 4:4:4' : 4’-tetramethyl-7 : 7’- 
diethyl-2 : 2’-spirobischroman (V; R = Et, R’ = H). 

A Re prey we of 3: ‘denatatabenal and acetone yielded 2’-hydroxy- 

:4:4:6: ; 5’-heptamethylflavan (II; R = R’ = Me). 


HOF Sr 
OS an ¢ One HO, 60 


Py (II) (IT) (IV) 


Flavans of type (II) have been shown in the present series of papers to result from the 
dimerisation of o-isopropenylphenols (I) in presence of hydrogen chloride; }2*4 5 the 
o-tsopropenylphenols may result from the direct condensation of the phenol with acetone 
as in the cases of m-? 34 and f-cresol,! and of m-ethylphenol and 3 : 4-dimethylphenol 
(this paper), but in the more general case they must be prepared in other ways, ¢.g., by 
thermal dehydration of the alcohols derived from methylmagnesium iodide and the sodium 
salt of a methyl o-hydroxybenzoate.+5 The reaction between m-ethylphenol, acetone, 
and hydrogen chloride was first investigated by Niederl and Nagel,* who described the 
dimeride of the derived isopropenyl compound as a viscous, yellow liquid with a thymol- 
like odour; this product was obviously very crude and no structural formula was proposed. 

The spirobischroman (V; R = Et, R’ = H) obtained in small quantity by condens- 
ation of m-ethylphenol with acetone was identical with the product obtained by Niederl 


* Part XI, J., 1956, 2018. 

1 Baker, Curtis, and McOmie, /., 1952, 1774. 

? Baker and Besly, Nature, 1939, 144, 865. 

3 Baker and Besly, J., 1940, 1103. 

* Baker, Curtis, and McOmie, /., 1951, 76 

° Baker, Downing, Hewitt-Symonds, and McOmie, /., 1952, 3796. 
* Niederl and Nagel, J. Amer. Chem. Soc., 1940, 62, 324. 
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and Nagel ® from their crude dimeride, now proved to be (II; R = Et, R’ = H), by 
treatment with hot concentrated sulphuric acid according to the directions of Boettcher.’ 
This deep-seated reaction, brought about by the influence of acid, has been shown by 
Baker and Besly ® in the case of 2’-hydroxy-2 : 4: 4: 7: 4’-pentamethylflavan (II; R = Me, 
R’ = H) to involve three molecules of the flavan which yield two molecules of the spiro- 
bischroman (V; R = Me, R’ = H) and two of m-cresol. In a similar way the flavan 
(I1; R = R’ = Me) has now been converted into 4:4:6:7: 4’: 4’ : 6’ : 7’-octamethyl- 
2: 2’-spirobischroman (V; R=R’=Me) and 3:4-dimethylphenol. The sfzrobis- 
chroman (V; R= Et, R’ =H) obtained by the condensation of m-ethylphenol and 
acetone may have been formed in this way from the flavan (II; R = Et, R’ = H) or may 
have been formed by the condensation of m-ethylphenol with phorone, the latter being 
derived from acetone by self-condensation.® 

Re-investigation of the condensation of m-cresol with cyclohexanone in presence of 
hydrogen chloride, originally carried out by Boettcher,’ has shown that it yields a crypto- 
phenolic, monohydric phenol, which by analogy must be regarded as cyclohexanespiro-4- 
(2’-hydroxy-7 : 4’-dimethyl-2 : 3-tetramethyleneflavan) (VI). This compound is exactly 
analogous to the flavans (II), a suggestion originally advanced by Baker and Besly,” and 
it appears to be identical with the substance isolated by Boettcher, but he ascribed to it 
an erroneous structure and mistakenly regarded it as unsaturated. 





Like many other 2’-hydroxy-2 : 4: 4-trimethylflavans described in this series, the 
flavans (II; R = Et, R’ = H) and (VI) form crystalline complexes with a large number 
of substances, particularly cyclic nitrogenous bases. These complexes are listed in the 
Experimental section, as are those formed from dimethyl-p-nitrosoaniline and 2’-hydroxy- 
2:4:4:6:5'- and 2’-hydroxy-2 : 4: 4:7: 4'-pentamethylflavan (II; R =H, R’ = Me) 
and (II; R = Me, R’ = H).':2© That these complexes are not purely inclusion compounds 
(clathrates) is indicated by the 1 : 1 molecular ratio of flavan to component, and by the 
fact that only molecules which are proton acceptors form such complexes; molecular 
size and shape is not the sole factor in controlling complex formation as has already been 
discussed in greater detail in similar instances. 1 

2’-Hydroxy-2 :4:4:6:7:4': 5’-heptamethylflavan (II; R = R’ = Me) appears to 
form no crystalline complexes. The only other flavan of this type which also fails to form 
complexes is 2’-hydroxy-2 : 4: 4: 8 : 3’-pentamethylflavan.! 


EXPERIMENTAL 


7 : 4’-Diethyl-2’-hydroxy-2 : 4: 4-trimethylflavan (Il; R= Et, R’ = H).—m-Ethylphenol 
(freshly distilled, 111 g.) in anhydrous acetone (45 g.) was saturated with anhydrous hydrogen 
chloride at 0°, kept at room temperature for 2 days, then warmed to 40° for 6 hr. and stirred 


7 Boettcher, Diss., Berlin, 1930. 

8 Baker and Besly, /., 1939, 198. 

® Fisher, Furlong, and Grant, J. Amer. Chem. Soc., 1936, §8, 820; Niederl, Sitzungsber. Akad. Wiss. 
Wien, 1932, 141, IIb, 150. 

10 Baker, Curtis, and Edwards, J., 1951, 83. 
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into 2N-sodium hydroxide (500 c.c.) to which diethyl ether (60 c.c.) had been added. After 2 days 
at 0° the semi-solid product was collected, washed with water, dried im vacuo, and crystallised 
from light petroleum (150 c.c.; b. p. 40—60°)-diethyl ether (5 c.c.), giving the ether adduct of 
the flavan as large rhombs (40 g.), m. p. 72—73° (with loss of solvent). This adduct effloresces 
too rapidly for accurate analysis, and the crystals fall to a microcrystalline powder. The free 
7 : 4’-diethyl-2’-hydroxy-2 : 4: 4-trimethylflavan (II; R = Et, R’ = H) was prepared by heating 
the ether adduct to 100° im vacuo and recrystallisation from light petroleum (b. p. 40—60°) ; 
it formed large rhombs, m. p. 70—71° (Found: C, 81-4; H, 8-9. C,,H,.,O, requires C, 81-5; 
H, 8-6°%). The flavan is insoluble in aqueous sodium hydroxide, and dissolves in concentrated 
sulphuric acid with a bright yellow colour. The acetyl derivative, prepared by adding acetyl 
chloride (0-25 g.) to the flavan (0-8 g.) in pyridine (10 c.c.), heating on the water-bath for } hr., 
and pouring the whole into water, separated from methanol in rhombs, m. p. 126—127° (Found : 
C, 78-2; H, 7-9. C,gH39O, requires C, 78-6; H, 8-2%). 

7 : 4’-Diethyl-2’-methoxy-2 : 4: 4-trimethylflavan.—The preceding flavan (2-0 g.) was heated 
on the steam-bath for 48 hr. in acetone (50 c.c.) and benzene (40 c.c.) with methyl sulphate 
(8 c.c.) and anhydrous potassium carbonate (15 g.); water (5 c.c.) was then added and the 
heating continued for } hr. The mixture was filtered whilst hot, the solvents were removed, 
the residue was shaken with water (30 c.c.), and the solid (1-92 g.; m. p. 75—76°) collected. 
Two crystallisations from methanol gave the ether as rods, m. p. 77—78° (Found: C, 81-4; 
H, 8-7. C,3;H3; 90, requires C, 81-6; H, 8-9%). 

7-Ethyl-2 : 4: 4-trimethylchroman-2-carboxylic Acid (III).—The flavan (3 g.) in warm acetone 
(30 c.c.) was oxidised by the rapid addition of a boiling, saturated solution of potassium per- 
manganate in acetone (1 1.); a gentle reaction set in which was complete in 2 min. The bulk 
of the acetone was removed by distillation and to the residue was added water (100 c.c.), sodium 
dithionite (40 g.), and concentrated hydrochloric acid (5 c.c.); then sulphur dioxide was passed 
in with shaking till the manganese dioxide had disappeared. The ethereal extract (4 x 50c.c.) 
of the mixture was shaken thrice with excess of aqueous sodium hydrogen carbonate, and the 
alkaline layers were acidified, and the solid was collected after being kept at 0°, washed, and 
dried (yield 0-9 g.). After twice crystallising from light petroleum (b. p. 60—80°) the acid (III) 
was obtained as needles, m. p. 123° (Found: C, 72-4; H, 8-2. C,;H, QO; requires C, 72-6; 
H, 8-1%). 

2:4: 4-Trimethylchroman-2 : 7-dicarboxylic Acid (IV).—The preceding acid (III) (0-2 g.) 
in 5% aqueous sodium carbonate (20 c.c.) was boiled and powdered potassium permanganate 
added in portions till an excess was present, and after addition of more water (5 c.c.) boiling 
was continued for 20 min. The cooled solution was treated with sulphur dioxide. 
Extraction with ethyl acetate (2 x 10 c.c.) yielded a solid which was crystallised twice from 
ethyl acetate-light petroleum (b. p. 60—80°), giving the dicarboxylic acid (IV), m. p. and 
mixed m. p. with an authentic specimen ! 260—261°. 

4:4:4': 4’-Tetramethyl-7 : 7’-diethyl-2 : 2’-spirobischroman (V; R=Et, R’ = H).—(a) 
The light petroleum-ethyl ether mother-liquor from the first crystallisation of the flavan (II; 
R = Et, R’ H) (see above) were evaporated to dryness, and the residue crystallised twice 
from ethanol (charcoal), giving the spivochroman (V; R = Et, R’ = H) as needles (2-2 g.), 
m. p. 114°. (b) The flavan (II; R = Et, R’ H) was heated with concentrated sulphuric 
acid at 190° for } min. and the product isolated as described by Niederl and Nagel,® giving the 
spirochroman, m. p. and mixed m. p. 114°. 

2’-Hydroxy-2:4:4:6:7:4': 5'-heptamethylflavan (II; R = R’ = Me).—A solution of 
3 : 4-dimethylphenol (37 g.) in acetone (15 g.) at 25° was saturated with anhydrous hydrogen 
chloride, after which it rapidly set to a red, crystalline mass. After 3 days it was crushed with 
excess of dilute aqueous sodium hydroxide, washed, dried (yield 29 g.), and crystailised twice 
from ethanol, giving the favan (II; R = R’ = Me) as colourless, rhombic prisms, m. p. 160— 
161° (Found: C, 81-2; H, 8-6. C,,H,,O, requires C, 81-5; H, 8-6%). Its solution in concen- 
trated sulphuric acid is intensely red. The acetyl derivative, prepared in hot pyridine with a 
large excess of acetyl chloride for 20 min., formed prisms, m. p. 136—137° (Found: C, 78-2; 
H, 8-4. C,,H 390, requires C, 78-6; H, 8-3%). 

4:4:6:7:4': 4’: 6’: 7’-Octamethyl-2 : 2’-spirobischroman (V; R = R’ = Me).—The pre- 
ceding flavan (1-0 g.) was melted, concentrated sulphuric acid (1 drop) was added, and the 
mixture heated to 190° for } min.; crystals of 3: 4-dimethylphenol separated on the upper 
parts of the tube. The product was treated with 50% aqueous methanol (10 c.c.), and the 
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insoluble residue crystallised from 95% ethanol (yield 0-72 g.; m. p. 195—197°), and then 
twice from benzene-ethanol, giving the spirochroman as needles, m. p. 199—200° (Found : 
C, 81-9; H, 8-4. C,;H,;,0, requires C, 82-3; H, 8-9%). 

cycloHexanespiro-4-(2’-hydroxy-7 : 4’-dimethyl-2 : 3-tetramethyleneflavan) (V1).—A mixture of 
m-cresol (100 g.) and cyclohexanone (60 g.) was saturated with hydrogen chloride at 0°, kept 
for 3 days at room temperature and 1 day at 40—50°, and stirred into 2N-sodium hydroxide 
(11.). The product was extracted into ether (250 c.c.)-light petroleum (100 c.c.; b. p. 60—80°), 
and the solution washed with water, dried, and evaporated to dryness after treatment with 
charcoal. The yellow resin (80 g.) was crystallised twice from light petroleum (b. p. 60—80°) 
(charcoal), giving the flavan (VI) as needles (25 g.), m. p. 140—142° (Found: C, 83-4; H, 8-5. 
C,,H;,0, requires C, 83-0; H, 8-5%). Crystallisation from ethanol which is slow gave a second 
crystalline modification as prisms, m. p. 149—150° (Found: C, 83-1; H, 8-6%). The flavan 
dissolves in concentrated sulphuric acid with a deep yellow colour. The acetyl derivative, 
prepared by refluxing the flavan (1 g.), for 4 hr. with acetic anhydride (10 c.c.) and anhydrous 
sodium acetate (1 g.), crystallised from ethanol as needles, m. p. 170—172° (Found: C, 80-8; 
H, 8-1. C,,H,,O, requires C, 80-4; H, 8-1%). 

cycloHexanespiro-4-(2’-methoxy-7 : 4’-dimethyl-2 : 3-tetramethyleneflavan).—The flavan (VI) 
(1 g.), acetone (50 c.c.), methyl sulphate (6-0 c.c.), and anhydrous potassium carbonate (10 g.) 
were refluxed for 25 hr., cooled, filtered, and evaporated under reduced pressure. The solid 
product was washed with cold 2N-sodium hydroxide (50 c.c.), dried (0-62 g.), and crystallised 
from ethanol and then from ethanol—acetone, giving cyclohexanespiro-4-(2’-methoxy-7 : 4’- 
dimethyl-2 : 3-tetramethylflavan) as prisms, m. p. 181—182° (Found: C, 83-3; H, 8-9. C,H 3,0, 
requires C, 83-0; H, 8-8%). 

Preparation of Crystalline Complexes.—The flavans (0-5 g.) were dissolved in light petroleum 
(5 c.c., b. p. 40—60°, in the case of the flavan (II; R = Et, R’ = H); 10 c.c., b. p. 60—80°, 


Crystalline complexes formed by 2'-hydroxy-2 : 4 : 4-trimethylflavans (II) and (VI). 


Analyses: Found, % (required % 


M. p. Ratio, in parentheses) 
Component (dissocn.) flavan : component Carbon Hydrogen Nitrogen 
7 : 4’-Diethyl-2’-hydroxy-2 : 4: 4-trimethylflavan (II; R = Et, R’ = H)* 
cycloHexylamine .............6+ 84—85 ee 79-8 (79-5) 9-7 (9-7) 3-4 (3-3) 
CMOTRD  cnnscccosccoveesensnccese 69—70 ie 81-8 (82-0) 7-5 (7-7) 3-1 (3-0) 
NN-Dimethyl-p-nitrosoaniline 93—94° Ria 76-3 (76-0) 7-8 (8-0) 5-8 (5-9) 
Dioxan and water ..........c00.. 70—72°¢ Stuce 69-1 (69-6) 8-2 (8-9) — 
cycloHexanespiro-4-(2’-hydroxy-7 : 4’-dimethyl-2 : 3-tetramethyleneflavan) (VI) ¢ 
cycloHexylamine ..............- 127—128 Se — — 2-6 (2-9) 
ED ccccccsctcsecacescecates 133—134 ce. 77-8 (78-1) 8-9 (8-8) —_ 
BRR GERED civic incossisencsscs 117—118 rs2 81-8 (82-0) 8-4 (8-5) 3-0 (2-9) 
o-Chloroaniline ...........c..000 7—89 B3a — -— 3-3 (2-8) } 
p-Chloroaniline .................. 122—123 Be 75-9 (76-3) 7-4 (7-5) 2-8 (2-8) ? 
PEE sa cvenanardssnesencsiveesis 118—119 ee 81-7 (81-8) 8-1 (8-1) 3-5 (3-1) 
3-Methylpyridine ............... 105—107 era 82-0 (81-9) 8-3 (8-3) 3:1 (3-0) 
2 : 6-Dimethylpyridine ......... 138—140 B2 -- _ 2-6 (2-9) 
2:4: 6-Trimethylpyridine ... 109—110 1:1 82-3 (82-8) 8-6 (8-7) 2-6 (2-8) 
CREEEIOE.. nantensossdvesissorsssse 130—132 Bsa 83-2 (83-2) 7-7 (7-7) 2-9 (2-8) 
2-Chloroquinoline ............... 107—109 1:1 78-0 (77-8) 6-9 (7-0) 2-8 (2-6) ® 
2’-Hydroxy-2 : 4: 4: 6: 5’-pentamethylflavan (II; R = H, R’ = Me) * 
NN-Dimethyl-p-nitrosoaniline 100—101/4 ast 75:1 (75-4) 7-5 (7-6) 6-3 (6-3) 
2’-Hydroxy-2 : 4: 4:7: 4’-pentamethylflavan (Il; R = Me, R’ = H)* 
NN-Dimethyl-p-nitrosoaniline 116—117¢ ee 74-9 (75-4) 7-4 (7-6) 6-2 (6-3) 


* Crystalline complexes which were too unstable for accurate analysis were formed with diethyl 
ether, diisopropyl ether, and tetrahydrofuran. Complexes were not obtained with aniline, morpholine, 
aliphatic bases, or aliphatic ketones. ° Crystals are yellow-green. * Dioxan does not form a com- 
plex in the absence of water. This flavan—dioxan—water complex was prepared by cooling to 0° a 
solution of the flavan (1 g.) in light petroleum (10c.c.; b. p. 40—60°), dioxan (0-5 c.c.), water (2 drops), 
and ethanol (to give a clear solution). * A complex with diethyl ether was too unstable for accurate 
analysis. Complexes were not formed with aliphatic ketones, di-n-propylamine, diethylamine, 
n-octylamine, n-hexylamine, aniline, dioxan. * Complexes formed in methanol solution. / Olive- 
green needles from aqueous methanol or brown needles from petroleum (b. p. 60—80°) which change 
to the olive-green form after 2 weeks in contact with the solvent. 9% Dark olive-green or almost black 
needles, according to size. '*% Found: Cl, (1) 7:4, (2) 7-3, (3) 6-5. Required: Cl, (1, 2) 7-2, 
(3) 6-6%. 
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in the case of the flavan (VI)], and the other component (1-2 mol.) added. If crystallisation 
did not occur rapidly, the mixture was kept at 0°; the complexes were collected, washed with 
a little light petroleum, and dried by exposure to the air (see Table). 


THE UNIVERSITY, BRISTOL. [Received, February 21st, 1957.) 


597. The Electrolytic Determination of Gallium. 
By (the late) H. TerREY and J. THABIT. 


An electrolytic method for the determination of gallium in an alkaline 
sulphate solution is described. The platinum gauze electrodes are protected 
by prior deposition of copper. 


THE only quantitative electrolytic work done on gallium is that by Reichel ' who used a 
concentrated ammonium sulphate bath. It has been found by us to suffer numerous 
defects. For instance, with a standard gallium sulphate solution, the results varied by 
more than 1%, even when an empirical factor was used, as suggested by Reichel. The 
amount of platinum dissolved off the anode varied with current density and time. The 
solution became turbid as the electrolysis proceeded, and the deposit of gallium on the 
platinum gauze cathode was dull, which suggested inclusion in it of foreign matter. The 
platinum cathode was attacked on removal of the deposited gallium no matter what 
solvent was used, in that the cathode retained a black coating where the gallium had been 
deposited. 

Reichel recommended heating the solution on a water-bath; however, the high current 
applied (5 amp.) generates sufficient heat to maintain a temperature of about 70°, so that 
no more than initial heating is required. 

The work described below overcomes these difficulties. 


EXPERIMENTAL 


To avoid attack on the platinum cathode on removal of the deposited gallium, it was first 
plated with copper. Besides protection, such a plated cathode has the advantages of a higher 
hydrogen overvoltage and ct providing a good visual background: completion of deposition 
can be tested by raising the level of the liquid and noting whether deposit formed on the newly 
wetted surface of the cathode. 

However, copper deposited from an acid copper sulphate solution was attacked by the 
basic solution used later for electrodeposition of gallium. It was found more accurate to add 
to the gallium solution a known volume of copper solution, the copper content of which had been 
determined electrolytically from a similar basic solution. 

A cathode-anode potential of about 2 v is enough to deposit copper. If the potential is 
raised before all the copper has been deposited, gallium will be co-deposited with copper as a 
dark layer which withstands temperatures in the range 110—120° without loss of gallium, 
although the latter in the pure state melts at 31°, and this heat-resistance is of an advantage 
when the cathode is finally dried. 

When this procedure is followed the platinum cathode is attacked on dissolution of the 
deposited gallium and copper, and platinum black remains. Brightness is restored to the 
cathode by heating it to redness; it is important to leave the cathode in a hot dilute nitric acid 
for long enough to allow complete dissolution of the deposit, then to wash it thoroughly with 
water before the heating. 

The bath solution had the following composition : to a known weight of pure gallium oxide 
was added water (ca. 200 ml.) and concentrated sulphuric acid (10 ml.). The mixture was 
heated to dissolve the oxide and then the total volume was made up to 1 1. 

Co-deposition of Copper—Gallium.—A measured volume of gallium sulphate solution, mixed 
with 25 ml. of standard copper sulphate solution (containing about 0-002 g. of copper per ml.), 


1 Reichel, Z. analyt. Chem., 1933, 87, 321. 
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was made basic by 10 ml. of 5N-sodium or -potassium hydroxide. The precipitated gallium 
hydroxide dissolves in the excess of alkali hydroxide. Then ammonium sulphate (3—5 g.) is 
added, the solution becoming dark blue. The total volume of solution should not exceed 
100 ml. 

By applying a potential of about 2 v copper is deposited first. Ifa bright gallium deposit 
is sought later on, all the copper has to be deposited first by this low potential before increasing 
the voltage to pass a current of 4—5 amp. If this higher potential is applied before all the 
copper has been deposited, simultaneous deposition of copper and gallium occurs and a dark 
deposit on the cathode results. Such a dark co-deposit gives as accurate results as bright 
gallium deposit. 

After complete deposition the bath container is removed, and, without interruption of the 
current, the electrodes are washed with distilled water at least three times, then with absolute 
alcohol or acetone. The cathode is then dried for 10 min. in an oven at 110°, cooled, and weighed. 
The tabulated results were obtained with a gallium sulphate solution containing 2-2241 g. of 
gallium per 1. (the oxide being assumed to be 99-9% pure) and a copper sulphate solution 
containing 1-48 g. of copper per I. 


Cu and Ga Cu Ga Ga Cu and Ga Cu Ga Ga 
found (g.) added (g.) found (g.) present (g.) found (g.) added (g.) found (g.) present (g.) 
0-0371 0-0148 0-0223 0-2035 0-0372 0-1663 
0-0370 0-0148 0-Q222 0-0224 {o-ana 0-0372 0-1664 0-1668 
0-0372 0-0148 0-0224 0-2032 0-0372 0-1660 
0-0926 0-0372 0-0554 ; 0-2587 0-0372 0-2215 
0-0925 0-0372 0-0553 0-0556 0-2587 0-0372 0-2215 0-2224 
0-0926 0-0372 0-0554 0-2585 0-0372 0-2213 


{o-ts9 0-0372 0-1108 
0-1479 0-0372 our} 0-1112 
0-1481 0-0372 0-1109 

Deposition in the Absence of Copper.—The same procedure was applied, i.e., addition of 
5n-sodium hydroxide (10 ml.) to the gallium sulphate solution, then ammonium sulphate 
(3—5 g.). A current of 4—5 amp. was passed to deposit gallium directly on to the platinum 
cathode. The solution does not require external heating because after a short time the tem- 
perature of the solution (about 75 ml.) rises to 60—70°. 

In this procedure some practice is required to detect the end of the deposition (by exposing 
a new area of the cathode to the solution) because the bright silvery colour of the deposited 
gallium is rather similar to that of the platinum electrode. The difference however, can be 
detected with a little practice. Washing is effected as above. 

The cathode should be dried at a lower temperature than that mentioned above. It is 
best suspended above the drying oven so that a current of warm air flows over it; in this way 
melting of the gallium deposit and the formation of droplets of the metal is avoided. This is 
satisfactory for small quantities of gallium (e.g., 0-05 g.), but with larger quantities there is a 
tendency for the deposit to remain soft, and a danger that some of it may adhere to the pan of 
the balance. For this reason the co-deposition procedure is recommended for such larger 
amounts. 

The following tabulated typical results refer to volumes similar to those detailed above. 


Ga Ga 7a Ga Ga Ga 
found (g.) present (g.) found (g.) present (g.) found (g.) present (g.) 
0-0222 0-1107 0-2212 
0-0224 0-0224 0-1109 0-1112 0-2216 0-2224 
0-0221 0-1106 \ 0-2213 } 
0-0552 0-1660 
0-0555 0-0556 0-1662 0-1668 
0-0554 0-1660 


General Remarks.—Whichever method is used, the bath solution remains clear at the end 
of the electrolysis; no colloidal turbidity occurs. The weight of the platinum anode remains 
almost constant (+0-0002 g.). When larger quantities (e.g., 10 g.) of ammonium sulphate 
were used the anode loss was more than 0-0005 g., and the bath solution became cloudy, as 
usually happens when Reichel’s procedure is used. 












3066 Adams, Doyle, and Nayler: 








The deposit of gallium obtained by either method can be dissolved in hot dilute nitric acid ; 
if platinum black is formed, brightness can be restored by the method described above. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.1. 


Present address (J. T.): DEPARTMENT OF CHEMISTRY, 
Roya COLLEGE OF ARTS AND SCIENCES, 
BAGHDAD, IRAQ. Received, February 25th, 1957.) 


598. Dialkylaminoalkylquinolines. 
By E. P. Apams, F. P. DoyLe, and J. H. C. NAYLER. 


A number of 2-, 4-, 6-, and 8-dialkylaminoalkylquinolines and simple 
derivatives thereof have been prepared for pharmacological evaluation. 


In view of the pharmacological significance of dialkylaminoalkyl compounds on the one 
hand and quinoline derivatives on the other, and the spasmolytic activity of certain 
pyridylquinolines ! and 3-dialkylaminomethyl-4-hydroxyquinolines,? the scant attention 
paid to simple dialkylaminoalkylquinolines is somewhat surprising. 

Apart from processes involving closure of the pyridine ring as the final stage,? syntheses 
of 2- and 4-2’-dialkylaminoethylquinolines have always utilised the reactivity of methyl 
groups in the 2- and the 4-position of the quinoline nucleus, the simplest procedure being 
the Mannich reaction with formaldehyde and a secondary amine. We confirmed the 
observation of Tseou Héou-Féo * that reaction of equimolecular amounts of quinaldine, 
formaldehyde, and diethylamine hydrochloride provides a satisfactory route to 2-2’-di- 
ethylaminoethylquinoline (I; R = Et), but in our hands the procedure was less satis- 
factory for certain other 2-2’-dialkylaminoethylquinolines. 

Although Bartholomaus® reported the preparation of 2-2’-dimethylaminoethyl- 
quinoline (I; R = Me) by the Mannich reaction, Boekelheide and Marinetti *® found that 
when only the calculated amount of quinaldine was used the main product was the bis- 
compound (II; R = Me), b. p. 139—145°/2 mm. Using twice the theoretical amount of 


CHa 


itty (IIT) 


quinaldine the latter workers obtained the simple Mannich base (I; R = Me), b. p. 
120—129°/0-7 mm., which they converted by methyl sulphate and ethyl sodiomalonate 
or the sodio-derivatives of $-keto-esters into «-substituted y-2-quinolylbutyric esters. 
However, in view of the nearness of the reported boiling point to that of the bis-compound 
(II; R = Me) and the absence of analytical data, the purity of Boekelheide and Marin- 
etti’s sample is uncertain. Under various conditions we have invariably obtained good 
yields of the bis-product (II; R = Me), b. p. 102—106°/0-1 mm., from this reaction but 
no pure mono-derivative (I; R = Me). 

The preparation of 2-2’-piperidinoethylquinoline (I; R, = <[{CH,],;) from quinaldine, 
formaldehyde, and piperidine hydrochloride has been reported, the product being isolated 
by distillation under reduced pressure * or as the picrate,** m. p. 155°. By the former 


? Coates, Cook, Heilbron, Hey, Lambert, and Lewis, J., 1943, 401, and later Parts of the Series. 

* Ghosh, Kundu, and Chaudhuri, J. Indian Chem. Soc., 1952, 29, 368. 

® (a) Kermack and Muir, /., 1931, 3089; (b) Mannich and Schilling, Arch, Pharm., 1938, 276, 582. 
* Tseou Héou-Féo, Compt. rend., 1931, 192, 1242; Bull. Soc. chim. France, 1935, 2, 96. 

5 Bartholomaus, G.P. 497,907. 

* Boekelheide and Marinetti, J. Amer. Chem. Soc., 1951, 78, 4015. 
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procedure our main fraction proved to be 2-(l1-methylene-2-piperidinoethyl)quinoline 
(III), whilst a higher-boiling residue (possibly Il; R, = <[{CH,],;) appeared to decompose 
on strong heating, giving more (III). In our hands, attempted isolation of the picrate 
gave a mixture from which only the picrate of (III), m. p. 203—204°, was isolated in a 
pure state. 

The marked influence of the nature of the secondary amine on the course of Mannich 
reactions involving quinaldine finds a parallel in similar reactions with y-picoline,? which 
gives pyridine analogues of (II) and (III) with dimethylamine or piperidine, but simple 
Mannich bases analogous to (I) with the less reactive diethylamine, ditsopropylamine, 
di-n-butylamine, pyrrolidine, and morpholine. We therefore examined the reaction of 
quinaldine and formaldehyde with pyrrolidine hydrochloride and obtained two main 
fractions from which 2-2’-pyrrolidinoethylquinoline (I; R, = <{CH,],) and the bis- 
compound (II; R, = <{CH,},) were isolated as dipicrates. 

In contrast to the complexities encountered in the reaction of quinaldine with formalde- 
hyde and secondary amines, lepidine and substituted lepidines gave 4-2’-dialkylamino- 
ethylquinolines as the only isolable products. Indeed the interaction of lepidine, formalde- 
hyde, and diethylamine hydrochloride was so free from side-reactions that 4-2’-diethyl- 
aminoethylquinoline monohydrochloride could be isolated merely by evaporating the 
reaction mixture to dryness and recrystallising the residue. 4-2’-Dimethylaminoethyl-, 
4-2’-pyrrolidinoethyl-, and 4-2’-piperidinoethyl-quinoline were similarly prepared, but 
were isolated by distilling the bases. 6-Chlorolepidine reacted similarly with formaldehyde 
and dimethylamine, diethylamine, or piperidine, as did 6-methoxylepidine with formalde- 
hyde and diethylamine. Only impure Mannich bases were isolated from 6-methoxy- 
lepidine, formaldehyde, and dimethylamine or piperidine since distillation failed to effect 
separation from some accompanying 4-2’-hydroxyethyl-6-methoxyquinoline, but deriv- 
atives could be prepared satisfactorily from the crude bases. The yields of 4-2’-dialkyl- 
aminoethylquinolines were not high, but a fair proportion of the lepidine or substituted 
lepidine could usually be recovered. 

Preparation of 8-2’-dimethylaminoethyl- and 8-2’-diethylaminoethyl-quinoline was 
conveniently effected from 8-quinolylacetic acid by reducing the dialkylamides with 
lithium aluminium hydride. Although certain’ quinoline derivatives are reduced to 
unstable 1 : 2-dihydroquinolines by this reagent the ease of reduction depends markedly 
on the nature and position of substituents. In the present examples no reduction of the 
nucleus was observed, possibly because of the rapid separation of the ether-insoluble 
lithium aluminium hydride complexes of the dialkylaminoalkylquinolines. The diethyl- 
amide of quinoline-6-carboxylic acid was similarly reduced to 6-diethylaminomethyl- 
quinoline, whilst the isomeric 8-diethylaminomethylquinoline and its dimethylamino- 
and piperidino-analogues were prepared from 8-bromomethylquinoline by Kermack, 
Muir, and Wight’s method.® The latter workers isolated their products only in the form 
of salts, but the pure bases have now been prepared as well. 

Several 2- and 4-2’-dialkylaminoethylquinolines have been reported ‘ to resinify in air 
but, except for the base (III) which has an unsaturated side-chain, all our dialkylamino- 
alkylquinolines were stable. 

Most of the dialkylaminoalkylquinolines prepared in this work were characterised as 
monopicrates, which were often easier to purify than the dipicrates. Dihydrochlorides 
and monomethiodides were prepared for pharmacological examination: many of these 
salts were deliquescent and a number formed definite hydrates. Mr. D. M. Brown of these 
laboratories has shown that this group of compounds possesses no outstanding pharmaco- 
logical properties. 


? Matuszko and Taurins, Canad. J. Chem., 1954, 32, 538. 

§ Rosenmund and Zymalkowski, Chem. Ber., 1953, 86, 37; Rosenmund, Zymalkowski, and Schwarte, 
ibid., 1954, 87, 1229. 
® Kermack, Muir, and Wight, J., 1935, 1143. 
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EXPERIMENTAL 


Derivatives of Dialkylaminoalkylquinolines——The following general preparative methods 
were employed : Monopicrates were obtained by mixing warm alcoholic solutions of the bases 
and picric acid in equimolecular proportions, cooling, and collecting the products. Dihydro- 
chlorides were produced by dissolving the bases in about twice the calculated quantity of 10% 
ethanolic hydrogen chloride at ordinary temperature and, if the salt did not separate within 
a few minutes, cautiously adding dry ether. Monomethiodides were prepared by adding 
methyl iodide in 10% excess to solutions of the bases in a little ethyl acetate and storage at 
room temperature until precipitation of product appeared to be complete (15 min. to 3 hr.). 

2-(1-Methylene-2-piperidinoethyl)quinoline—(a) A mixture of quinaldine (14 ml.), 38% 
aqueous formaldehyde (8-5 ml.), piperidine (10 ml.), alcohol (10 ml.), and 5n-hydrochloric acid 
(18 ml.) was heated at 50—55° for 90 min., then concentrated under reduced pressure. Sodium 
carbonate (15 g.) in water was added and the mixture was extracted with ether. Distillation 
of the dried extracts gave a yellow oil (9-25 g.), b. p. 140—157°/0-2 mm., which on refraction- 
ation afforded pure 2-(1-methylene-2-piperidinoethyl)quinoline (3-1 g.), b. p. 127—132°/0-15 mm. 
(Found: C, 80-7; H, 8-4; N, 10-9. C,,H. N, requires C, 80-9; H, 8-0; N, 11-1%). On 
stronger heating (bath at 240—260°) a further quantity (3-4 g.) of yellow liquid distilled slowly 
at a fluctuating temperature; it was mainly more 2-(1-methylene-2-piperidinoethyl)- 
quinoline since both fractions afforded the same monopicrate, yellow needles (from ethyl methyl 
ketone), m. p. 203—204° (Found: C, 57-3; H, 4:8; N, 14:4. C,3;H,,O,N, requires C, 57-4; 
H, 4:8; N, 14-5%). 

(b) The directions of Kermack and Muir for the preparation of 2-2’-piperidinoethyl- 
quinoline monopicrate were followed and a crude product, m. p. 137—139°, was obtained in 
good yield. Repeated recrystallisation from alcohol failed to raise the m. p. above 153—156° 
(Kermack and Muir report m. p. 155° for their supposedly pure derivative obtained in this 
way), but crystallisation from ethyl methyl ketone gave a rather small recovery of 2-(1-methyl- 

ne-2-piperidinoethyl)quinoline monopicrate, m. p. and mixed m. p. 203—204°. 

Reaction of Quinaldine with Formaldehyde and Pyrrolidine Hydrochloride.—Quinaldine 
(28 ml.), 38% aqueous formaldehyde (17 ml.), pyrrolidine (16-5 ml.), alcohol (40 ml.), and 
5n-hydrochloric acid (36 ml.) were heated at 60° for 5 hr., then concentrated under reduced 
pressure. After addition of water unchanged quinaldine was removed by ether-extraction, 
the aqueous phase was basified with sodium carbonate (50 g.), and the oily products were 
extracted with ether. Distillation of the dried extracts gave two main fractions, b. p. 107— 
120°/0-05 mm. (6-1 g.), and 140—156°/0-07 mm. (6-9 g.), each of which was treated with 
alcoholic picric acid. The derivative from the first fraction crystallised from acetone in yellow 
prisms of 2-2’-pyrrolidinoethylquinoline dipicrate, m. p. 164—165° (decomp.) (Found: C, 47-6; 
H, 3-8; N, 16-4. C,,H,,0,,N, requiresC, 47-4; H, 3-5; N, 16-4%). 1: 3-Dipyrrolidino-2-2’- 
quinolylpropane dipicrate, prepared from the second fraction, had m. p. 178—179° (decomp.) 
after crystallisation from acetonitrile (Found: C, 50-1; H, 4:6; N, 17-0. C,H 3;0,,N, 
requires C, 50-1; H, 4-3; N, 16-4%). 

6: 7-Dimethoxy-2-2’-dimethylaminoethylquinoline was prepared by the reductive cyclisation 
of 5-(3: 4-dimethoxy-6-nitrophenyl)-1-dimethylaminopent-4-en-2-one hydrochloride but 
whereas Mannich and Schilling * isolated the quinoline monohydrochloride, m. p. 176°, our 
product was the dihydrochloride, which separated from methanol-ether as a white powder, m. p. 
208° (decomp.) (Found: N, 8-0; Cl, 21-6. C,,;H,,0,N,Cl, requires N, 8-4; Cl, 21-3%). 

4-2’-Diethylaminoethylquinoline Monohydrochloride.—Lepidine (6 ml.), 38% aqueous 
formaldehyde (4 ml.), diethylamine (4-5 ml.), alcohol (8 ml.), and 5N-hydrochloric acid (8 ml.) 
were heated at 60—65° for 5 hr., then evaporated im vacuo. After being washed with a little 
acetone, the residual solid crystallised from isopropanol as needles of the monohydrochloride 
(1-95 g.), m. p. 153—155° raised to 155—156° by recrystallisation from the same solvent (Found : 
C, 68-0; H, 8-2. C,,H,,N,Cl requires C, 68-0; H, 8-0%). 

4-2’-Dimethylaminoethylquinoline.—Lepidine (14 ml.), 38% aqueous formaldehyde (8-5 ml.), 
dimethylamine hydrochloride (8-2 g.), and 50% aqueous alcohol (30 ml.) were stirred at 55—60° 
for 3 hr., concentrated under reduced pressure to remove alcohol, and then diluted with water. 
Unchanged lepidine (3-2 g.) was removed by ether-extraction, the aqueous phase was treated 
with sodium carbonate (30 g.), and the liberated 4-2’-dimethylaminoethylquinoline was 
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extracted with ether and distilled (7-6 g.; b. p. 103—108°/0-1 mm.) (Found: C, 77-8; H, 8-4; 
N, 14-4. Calc. for C,;H,,N,: C, 78-0; H, 81; N, 140%). The monopicrate crystallised 
from ethyl methyl ketone in needles, m. p. 149—150° (Found: C, 52-7; H, 4:9; N, 16-4. 
C,,H,,0,N; requires C, 53-1; H, 4:5; N, 16-3%). The dihydrochloride (from ethanol-ether) 
had m. p. 168—171° (Found: C, 54-1; H, 6-8; N, 9-0; Cl, 24:3. C,,;H,,N,Cl,,H,O requires 
C, 53-6; H, 6-9; N, 9-6; Cl, 244%). The monomethiodide formed straw-coloured prisms 
(from methanol), decomp. above 220° (Found: C, 49-0; H, 5-6; N, 7-9. C,,H,,N,I requires 
C, 49-1; H, 5-6; N, 8-2%). 

4-2’-Pyrrolidinoethylquinoline.—This was prepared from pyrrolidine by the method used for 
the dimethylamino-analogue except that the mixture was heated at 60° for 5hr. The recovery 
of unchanged lepidine was 30% and the yield of 4-2’-pyrrolidinoethylquinoline, b. p. 
122—130°/0-07 mm., was 44% (Found: C, 79-2; H, 7-6; N, 12-8. C,;H,,N, requires C, 79-6; 
H, 8-0; N, 12-4%). The monopicrate had m. p. 138—139° (from ethyl methyl ketone) (Found : 
C, 55-1; H, 4:6; N, 15-5. C,,H,,0,N, requires C, 55-4; H, 4-6; N, 15-4%). The dihydro- 
chloride (from dry ethanol) had m. p. 174—175° (Found: Cl, 23-3. C,;H, N,Cl, requires 
Cl, 237%). 

4-2’-Piperidinoethylquinoline Dihydrochloride.—4-2'-Piperidinoethylquinoline,* m. p. 80—81°, 
gave a dihydrochloride which separated from isopropanol in prisms, m. p. 152—154° (Found : 
C, 57-6; H, 7-7; N, 8-8. C, H..N,Cl,,H,O requires C, 58-0; H, 7-3; N, 8-5%). 

Mannich Reactions with 6-Chlorolepidine.—In each experiment equimolecular quantities 
of 6-chlorolepidine 1° and the appropriate amine hydrochloride were heated with formaldehyde 
(10% excess) in 50% aqueous alcohol under the conditions stated. After removal of alcohol 
under reduced pressure the mixture was diluted with water, and unchanged 6-chlorolepidine 
was extracted with ether and recovered. The aqueous solution was then basified with sodium 
carbonate and the Mannich base was isolated by ether extraction and distillation. Details 
for individual compounds are as follows : 

6-Chloro-4-2’-dimethylaminoethylquinoline. The mixture was heated for 4 hr. at 65—70°; 
40% of the 6-chlorolepidine was recovered, and the yield of Mannich base, b. p. 111—112°/0-1 
mm., was 40% (Found: C, 66-4; H, 6-8; N, 12-1; Cl, 15-4. C,,;H,,;N,Cl requires C, 66-5; 
H, 6-4; N, 11-9; Cl, 15-1%). The monopicrate formed plates (from ethyl methyl ketone), 
m. p. 172—173° (Found: C, 48-9; H, 4:1. C,gH,,0,N,Cl requires C, 49-2; H, 3-9%). The 
dihydrochloride (from ethanol) had m. p. 172—173° (decomp.) (Found: C, 50-4; H, 5-5. 
C,3H,,N,Cl, requires C, 50-7; H, 5-6%). The monomethiodide (from methanol), needles, 
decomposed above 200° (Found: C, 44-5; H, 5-2. C,,H,,N,CII requires C, 44-6; H, 48%). 

6-Chloro-4-2’-diethylaminoethylquinoline. Refluxing the mixture for 2 hr. on the steam- 
bath gave a 50% recovery of 6-chlorolepidine and a 23% yield of the Mannich base, b. p. 120°/0-1 
mm. (Found: C, 67-6; H, 7-1. C,;H,)N,Cl requires C, 68-6; H, 7-3%). The monopicrate 
formed needles (from alcohol), m. p. 138—139° (Found: C, 51-5; H, 4:9; N, 13-8. 
C,,H,,0,N,Cl requires C, 51:3; H, 45; N, 14:2%). The dihydrochloride crystallised 
from nitromethane in needles, m. p. 150—153° (Found: C, 52-6; H, 6-4; N, 7-5. 
C,;H,,N,Cl;,0-5H,O requires C, 52-3; H, 6-4; N, 8-1%). Straw-coloured prisms of the mono- 
methiodide, m. p. 143—144°, separated from ethanol (Found: C, 47-2; H, 5-6; N, 6-4. 
C,,H,.N.CII requires C, 47-5; H, 5-5; N, 6-9%). 

6-Chloro-4-2’-piperidinoethylquinoline. The mixture was heated for 4} hr. at 65—70°, 
39% of the 6-chlorolepidine was recovered, and the yield of Mannich base, b. p. 146—147°/0-1 
mm., was 25% (Found: Cl, 13-0. C,,H,,N,Cl requires Cl, 129%). Yellow needles of the 
monopicrate separated from alcohol, m. p. 135—137° (Found: Cl, 7-1. C,,H,,0,N,Cl requires 
Cl, 7:0%). The dihydrochloride, crystallised from ethanol, had m. p. 167—169° (Found: 
N, 7-3; Cl, 29-6. C,,H,,N,Cl,,H,O requires N, 7-7; Cl, 29-6%). The monomethiodide, straw- 
coloured prisms from ethanol, had m. p. 123—124° (Found: C, 46-5; H, 5-3. C,,H,,N,ClI,H,O 
requires C, 46-9; H, 5-6%). 

Mannich Reactions with 6-Methoxylepidine.—4-2’-Dialkylaminoethyl-6-methoxyquinolines 
were prepared from 6-methoxylepidine hydrate }4 by similar procedures to those used for the 
6-chloro-compounds. The only difference noted was that neither the dimethylamino- nor the 
piperidino-compound could be purified completely by distillation, although derivatives were 
prepared normally from the impure distillates. Cautious dilution of either distilled base with 

1° Campbell and Kerwin, ]. Amer. Chem. Soc., 1946, 68, 1837. 

1! Campbell and Schaffner, tbhid., 1945, 67, 86. 
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light petroleum caused the precipitation of a small amount of 4-2’-hydroxyethyl-6-methoxy- 
quinoline, which crystallised from water in plates, m. p. 125—127° (Found: C, 65-5; H, 6-9; 
N, 6-8. (C,,H,,;0,N,H,O requires C, 65-1; H, 6-8; N, 63%). Details for the individual 
Mannich bases are as follows : 

4-2’-Dimethylaminoethyl-6-methoxyquinoline. The crude base, b. p. 115—127°/0-08 mm., 
was obtained in 32% yield and 37% of 6-methoxylepidine was recovered. The dihydrochloride 
(from methanol-ethyl acetate) had m. p. 172—175° (Found: C, 49-9; H, 7-4; N, 8-0. 
C14H29ON,Cl,,2H,O requires C, 49-6; H, 7-1; N, 8-3%). The monomethiodide separated from 
methanol in straw-coloured needles, decomp. ca. 140° (Found: C, 46-3; H, 6-1. 
C,;H,,ON,I,H,O requires C, 46-2; H, 5-9%). 

4-2’-Diethylaminoethyl-6-methoxyquinoline. The pure base (42% yield) distilled at 128°/0-08 
mm. (Found: N, 10-9. C,,H,,ON, requires N, 10-9%). The yellow monopicrate, crystallised 
from alcohol, had m. p. 129—131° (Found: C, 53-7; H, 5-3; N, 14-1. C,.H,;0O,N, requires 
C, 54-2; H, 5-2; N, 14-4%). The dihydrochloride, platelets (from isopropanol), had m. p. 
154—156° (Found: C, 56-8; H, 7-3; N, 8-0. C,,H,,ON,Cl,,0-5H,O requires C, 56-5; H, 7-4; 
N, 8-2%). The monomethiodide formed amber-coloured prisms (from ethanol), m. p. 121—123° 
(Found: C, 48-6; H, 6-8; N, 6-5. C,,H,;ON,I,H,O requires C, 48-8; H, 6-5; N, 6-7%). 

6-Methoxy-4-2'-piperidinoethylquinoline. The yield of impure base, b. p. 137—157°/0-1 
mm., was 26% and the recovery of 6-methoxylepidine 51%. The cream-coloured dihydro- 
chloride (from ethanol—ether), had m. p. 182—-184° (Found: C, 56-1; H, 7-2; N, 7-8; Cl, 19-1. 
C,;H,,ON,Cl,,H,O requires C, 56-5; H, 7-3; N, 7-8; Cl, 19-6%). 

Methyl 8-Quinolylacetate——Treatment of 8-quinolylacetic acid? with diazomethane in 
ether gave the pale yellow ester, b. p. 107°/0-1 mm., almost quantitatively (Found: C, 71-3; 
H, 5-5; N, 7-2. Calc. for C,,H,,O,N: C, 71-6; H, 5-5; N, 7-0%). Gall and Erlenmeyer,'* 
who prepared the ester by the Fischer-Speier method, report b. p. 176—179°/13 mm. The 
picrate of the ester crystallised from ethyl methyl ketone in plates, m. p. 184—185° (Found : 
C, 50-0; H, 3-5. C,,H,,O,N, requires C, 50-2; H, 3-3%). 

NN-Dimethyl-8-quinolylacetamide.—Methyl] 8-quinolylacetate (25-5 g.) and 33°, methanolic 
dimethylamine (200 ml.) were heated in an autoclave at 115° for 16 hr. and then for 4 hr. at 
150°. After concentration of the mixture under reduced pressure the residue was distilled, to 
give the dimethylamide (19-8 g.), b. p. 153—162°/0-5 mm., m. p. 54—57°. Further purification 
was best effected by redistillation (b. p. 143—144°/0-1 mm.) (Found : C, 72-5; H, 6-4; N, 12-7. 
C,3H,,ON, requires C, 72-9; H, 6-6; N, 13-1%). The picrate crystallised from acetone in 
needles, m. p. 141—142° (Found: C, 50-9; H, 4:0; N, 15-3. C,)H,,O,N, requires C, 51-4; 
H, 3-9; N, 15-8%). 

NN-Diethyl-8-quinolylacetamide—A solution of methyl 8-quinolylacetate (19-5 g.) in 
diethylamine (200 ml.) was heated under pressure at 200° for 30 hr., then evaporated in vacuo. 
Distillation of the residue gave 2-7 g. of fore-run, b. p. 123°/13 mm., which was identified as 
8-methylquinoline (picrate, m. p. and mixed m. p. 202—204°), followed by the diethylamide 
(14-5 g.), b. p. 141—142°/0:04 mm. The amide solidified on trituration with dry ether and 
crystallised therefrom in needles, m. p. 67—-68° (Found: C, 73-7; H, 7-6; N, 11-3. C,;H,,ON, 
requires C, 74-4; H, 7-5; N, 116%). The picrate, crystallised from ethyl methyl ketone, had 
m. p. 146° (Found: C, 53-7; H, 4-7; N, 14-7. C,,H,,0O,N; requires C, 53-5; H, 4-5; N, 14-9%). 

8-2’-Dimethylaminoethylquinoline.—A solution of NN-dimethyl-8-quinolylacetamide (12 g.) 
in dry ether (175 ml.) was added with stirring to lithium aluminium hydride (10 g.) in ether 
during 1 hr.; the mixture was refluxed for 3 hr., cooled, and treated with water (10 ml.) followed 
by 5% sodium hydroxide solution (30 ml.). The granular solid was removed and extracted 
with hot ether, and the combined ether solutions were dried and distilled, to give 8-2’-dimethyl- 
aminoethylquinoline (7-9 g.), b. p. 98—99°/0-05 mm. (Found: C, 77-9; H, 8-6; N, 14-0. 
C,3;H,,N, requires C, 78-0; H, 8-1; N, 140%). The monopicrate crystallised from acetone 
in orange plates, m. p. 156—157° (Found: C, 52-9; H, 4:3; N, 16-6. C,,H,,O,N, requires 
C, 53-1; H, 4:5; N, 163%). The dihydrochloride, colourless needles from ethanol, had m. p. 
177—178° (Found: C, 50-7; H, 7:0; N, 8-5. ©C,,;H,,N,Cl,,2H,O requires C, 50-5; H, 7-2; 
N,9-1%). Thestraw-coloured monomethiodide, crystallised from methanol, had m. p. 197—198° 
(decomp.) (Found: C, 48-8; H, 5-2. C,,H,,N,I requires C, 49-1; H, 5-6%). 

8-2’-Diethylaminoethylquinoline.—N N-Diethyl-8-quinolylacetamide (11-8 g.) was reduced 

12 Prijs, Gall, Hinderling, and Erlenmeyer, Helv. Chim. Acta, 1954, 37, 90. 

13 Gall and Erlenmeyer, idid., 1955, 38, 1421. 
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as described for the dimethylamide, to give 8-2’-diethylaminoethylquinoline (10-4 g.), b. p. 
105—106°/0-01 mm. (Found: C, 78-8; H, 8-9; N, 12-0. C,;H.N, requires C, 78-9; H, 8-8; 
N, 12-3%). The monopicrate separated from ethyl methyl ketone as orange plates, m. p. 125° 
(Found: C, 54-6; H, 5-4; N, 15-0. C,,H,,;0,N, requires C, 55-1; H, 5-1; N, 15-3%). The 
cream-coloured monomethiodide (from ethanol—ether) had m. p. 134° (Found: C, 52-0; H, 6-2; 
N, 7-9. Cy, H,3N,I requires C, 51-9; H, 6-3; N, 7-6%). 
NN-Diethylquinoline-6-carboxyamide.—A mixture of quinoline-6-carboxylic acid '4 (30 g.) and 
thionyl chloride (100 ml.) was refluxed for 1 hr., then evaporated im vacuo, and the residue 
dissolved in benzene (100 ml.). Diethylamine (70 ml.) was added gradually with cooling and 
the mixture was refluxed for 1 hr., allowed to cool overnight, and poured into water. The 
aqueous phase was thoroughly extracted with ether, and the combined organic solutions were 
dried. Distillation gave the diethylamide (18-4 g.), b. p. 1388—146°/0-1 mm. (Found: N, 12-0. 
C,,H,,ON, requires N, 12-3%). The picrate crystallised from alcohol in needles, m. p. 207— 
208° (Found: N, 15-6. CC, 9H,,O,N, requires N, 15-3%). 
6-Diethylaminomethylquinoline.—Reduction of the diethylamide (11-8 g.) with lithium 
aluminium hydride (7 g.) in ether in the usual way gave 6-diethylaminomethylquinoline (4-7 g.), 
b. p. 92—110°/0-1 mm. Redistillation gave a purer specimen, b. p. 88°/0-07 mm. (Found : 
N, 13-3. C,,H,gN,. requires N, 13-1%). The dihydrochloride (from ethanol) had m. p. 239— 
241° (decomp.) (Found: C, 58-0; H, 7-2; Cl, 25-0. C,H 9N.Cl, requires C, 58-5; H, 7-0; 
Cl, 24-7%). 
8-Dimethylaminomethylquinoline.—A solution of 8-bromomethylquinoline ?* (15 g.) and 
dimethylamine (7 g.) in toluene (100 ml.) was allowed to stand over potassium carbonate 
(15 g.) for 41 hr., filtered, and distilled, to give 8-dimethylaminomethylquinoline (10-3 g.), b. p. 
80°/0-1 mm. (Found: N, 15-5. C,,H,,N, requires N, 15-1%). The dihydrochloride, crystallised 
from ethanol, had m. p. 238—240° (decomp.) (Found: N, 10-5. C,.H,,N,Cl, requires N, 
10-8%). The monomethiodide, cream-coloured plates (from ethanol), had m. p. 108—110° 
(Found: C, 44-8; H, 5-2. C,,;H,,N,I,H,O requires C, 45-1; H, 5-5%). 
8-Diethylaminomethylquinoline.—A sdlution of 8-bromomethylquinoline (12 g.) and diethyl- 
amine (6 g.) in benzene (80 ml.) was refluxed for 2 hr. in the presence of potassium carbonate 
(12 g.), filtered, and distilled, to give the pale yellow base (9-2 g.), b. p. 100°/0-1 mm. (Found : 
N, 13-2. Calc. for C,4H,,N,: N, 13:1%). The dihydrochloride separated from ethanol in 
needles, m. p. 200—202° (Found: C, 58-3; H, 7-1; N, 10-1. C,,H,9N.Cl, requires C, 58-5; 
H, 7-0; N, 9-8%). The colourless monomethiodide, crystallised from ethanol, had m. p. 166— 
168° (Found: C, 50-5; H, 5-9; N, 7-6. C,,H,,N,I requires C, 50-6; H, 5-9; N, 7-9%). 
8-Piperidinomethylquinoline.—This base, b. p. 118—122°/0-04 mm., was prepared in similar 
fashion to the diethylamino-analogue (yield 69%) (Found: C, 79-3; H, 8-0; N, 12-6. Calc. 
for C,;H,,N,: C, 79-6; H, 8-0; N, 12-4%). It gave a colourless dihydrochloride which, 
crystallised from ethanol, had m. p. 221—222° (decomp.) (Found: C, 57-0; H, 6-6; Cl, 22-1. 
C,5H29N.Cl,,H,O requires C, 56-8; H, 7-0; Cl, 22.4%). The monomethiodide formed colourless 
needles (from ethanol), m. p. 169—170° (Found: N, 7-4. C,,H,,N,I requires N, 7-6%). 
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599. Organic Sulphur Compounds. Part II.* The Condensation 
of Benzothiazole-2-sulphenamide with Carbonyl Compounds. 


By J. A. BARLTROP and K. J. Morcan. 


Under basic conditions the condensation between benzothiazole-2- 
sulphenamide and carbonyl compounds gives high yields of S-2-benzo- 
thiazolyl thio-oximes, The infrared and ultraviolet spectra of these com- 
pounds are reported and discussed. 


THE reaction between sulphenamides (I) and carbonyl compounds to give thio-oximes (II) 
was first demonstrated by Zincke and his co-workers. The scope of the reaction was 
extended to non-aromatic sulphenamides by Voérlander and Mittag * who reported similar 
reactions using triphenylmethanesulphenamide. Apart from a patent claim? that 
N-substituted sulphenamides and ketones give low yields of products of unknown structure, 
the condensation appears not to have been investigated subsequently. The present work 
was designed to extend the scope of the reaction, to define the conditions under which it 
proceeds, and to find whether the products were useful for characterising carbonyl com- 
pounds or for protecting the carbonyl group. 

Benzothiazole-2-sulphenamide (III) is readily accessible and stable. It was con- 
veniently prepared from 2-mercaptobenzothiazole by a modification of Carr, Smith, and 
Alliger’s method. When benzaldehyde was heated in alcoholic solution with the sulphen- 
amide the product (IV; R=H, R’ = Ph), which was formed in good yield, was 


S y s 
(1) R:S*NH, CX yrsnts CX Drsnsere’ Me-S:CR=NR 
(11) ReS*N= CR'R” SSN & 


Nay (IV) 


contaminated by a considerable amount of benzothiazolyl disulphide. Sulphenamides 
are known ® to be decomposed by acids into disulphides and it may well be that part of the 
benzothiazolyl disulphide resulted from the action of benzoic acid, present as a contaminant 
in the aldehyde. 

A condensation of this type should be catalysed by a base, which would simultaneously 
neutralise any undesirable acids. Weak bases such as sodium and potassium acetates and 
bicarbonates had little effect. For benzaldehyde as the carbonyl component it was found 
that sodium or potassium carbonate induced a rapid reaction which gave a clean product. 
By using potassium carbonate as the catalyst it was possible to prepare derivatives of a 
wide variety of aromatic aldehydes. 

None of the required products was obtained under these conditions with either ketones 
or aliphatic aldehydes. These demanded the presence of a more potent base. By adding 
a few drops of 2n-alkali to the alcoholic solution of the reagents, derivatives of several 
aliphatic aldehydes and ketones were prepared. It was not, even with such a catalyst, 
possible to prepare derivatives of aromatic ketones or of certain branched-chain aliphatic 
ketones. 

The potential usefulness of the sulphenamide group in the protection of a carbonyl 
group was demonstrated with the benzylidene compound. Stable under neutral and 


* Part I, J., 1956, 4245. 


Zincke and Farr, Annalen, 1912, 391, 57; Zincke and Lenhardt, ibid., 1913, 400, 2; Zincke and 
Rose, ibid., 1914, 406, 103; Zincke and Baeumer, ibid., 1918, 416, 86. 

2 Vorlander and Mittag, Ber., 1919, 52, 413. 

* U.S.P., 2,581,936. 
Carr, Smith, and Alliger, J. Org. Chem., 1949, 14, 921. 

* Moore and Johnson, J. Amer. Chem. Soc., 1935, 57, 1517; 1936, 58, 1091; Zincke and Eismayer, 
Bev., 1918, 51, 75/1. 
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alkaline conditions it was decomposed by dilute hydrochloric acid to give an almost 
quantitative yield of benzaldehyde. 

Infrared Spectra.—The bands ascribed to the C=N stretching mode in those thio- 
oximes which contain no system capable of entering into conjugation with the x-electrons 
in this bond fall within the narrow range 1618—1622 cm.-!._ An exception is the derivative 
from cyclopentanone in which the band appears at 1629 cm.-!, although the cyclohexanone 
derivative absorbs at 1622 cm.1. A similar distinction exists ® in the infrared spectrum 
of the five- and six-membered cyclic ketones themselves. Conjugation with the C=N 
group causes a considerable band shift, e.g., the benzylidene derivative (IV; R = Ph, 
R’ = H) shows a twinned peak at 1597 and 1572 cm.-!. 


OD o »~* wore 


(VII) 


The frequency range, 1640—1690 cm.-', normally associated ? with the C=N stretching 
mode has been defined by a study of oximes, imines, and many derivatives examined in 
connection with penicillin.*® These frequencies are significantly higher than those 
observed in the thio-oximes. However, Goulden ® has observed related frequencies in 
other compounds in which a sulphur atom is linked directly to a carbon-nitrogen double 
bond, ¢.g., for the compound (V) he finds the appropriate band at 1622 cm.-! (R = Me) and 
at 1611 cm.-! (R = Ph). There can be little doubt that there is considerable interaction 


Ultraviolet absorption spectra. 


Benzothiazole A my a A A A A 
derivative (mp) * loge (mp)* loge (muz)* loge (mu) loge (mp) loge (mu) loge (mp) loge 
Benzothiazole 216 4-38 256 3-76 285 3-22 294 3-13 
2-Methylthio- 224 4-32 [244] 3-94 280 4-1 [289] 4-03 299 3-92 
-2-sulphen- 225 4:24 [240] 3:94 280 405 290 3-99 300 3-91 
amide 


Substituted 
sulphenamide (IV) 
R’ 


R 
H Me 229 441 -—- -— [286] 4:23 294 424 303 4-19 
H Pr 31 437 — — (285) 4:20 295 421 303 4-19 
Me Me 230 4-19 - — [286] 4:08 295 4:09 305 4-05 
Me Et 230 438 — - [286] 4:26 295 427 306 4-24 
[CH], 231 4:39 — —- — — 295 43 306 4-22 
(CH,], 31 4385 — — — = 906 424 208 4-32 
H Ph 230 4:28 250 419 —  — 290 3-98 300 40 330 4-24 
H Ph-CH=CH® 287 4-18 [300] 4:15 355 4-27 
H p-MeO-C,H, 225 4:37 255 4-1 270 4-23 290 4:12 302 4:16 335 4-27 
H o-NO,C,H, [240] 4-33 [260] 4-21 270 4-21 325 4-16 [350] 3-9 
H m-NO, C,H, 225 4:32 240 4-29 [270] 4-15 335 4-08 
H »-NO,°C,H,?* 275 4-41 380 4-28 


* Data in brackets refer to points of inflexion. * These spectra were measured on CHC], solutions, 
all other spectra from MeOH solutions. 


between the sulphur atom and the z-orbitals of the carbon—-nitrogen double bond. This 
interaction is far more significant than any which may exist between similar bonds and 
nitrogen or oxygen atoms despite the presumably more efficient overlap which might be 
expected to occur in these cases. The effect of the sulphur substituent may be ascribed 


* Jones, Humphries, and Dobriner, J]. Amer. Chem. Soc., 1950, 72, 956. 

7 Randall, Fowler, Fuson, and Dangl, “ Infra-red Determinations of Organic Structure,” Van 
Nostrand Co. Ltd., New York, 1949, p. 5; Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,” 
Methuen, London, 1954, p. 226. 

8’ Thompson, Brattain, Randall, and Rasmussen, ‘‘ The Chemistry of Penicillin,” Princeton Univ. 
Press, 1949, p. 382; Lieber, Levering, and Patterson, Analyt. Chem., 1951, 28, 1594; Randall et al., 
ref. 7. 

® Goulden, /., 1953, 997. 
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to the greater polarisability of sulphur. It may be noted that no band of comparable 
intensity occurs in this region in the spectrum of the parent benzothiazole system. 

Ultraviolet Spectra——An examination of the spectrum of 2-methylthiobenzothiazole 
has enabled us to confirm the results of previous investigations 1° and to show that 
spectrally it is indistinguishable from benzothiazole-2-sulphenamide. Similar are the 
spectra of a series of di(benzothiazolyl)methanes !' but the spectrum of di(benzothia- 
zolyl) disulphide is completely different. 

In the spectrum of benzothiazole, the bands at 256, 285, and 294 my are ascribed 1° 
to benzene, benzo-, and thioamide absorption respectively. Analogous bands are found 
in 2-methylthiobenzothiazole and in benzothiazole-2-sulphenamide. Koch ™ has suggested 
that a fifth band appearing in the spectrum of the 2-thio-substituted compounds, at 280 
mu, may be due to conjugation involving the exocyclic sulphur atom as electron-donor. 

The spectra of the sulphenamide derivatives of saturated aliphatic carbonyl compounds 
are closely similar. They all show three of the typical bands, at 230, 295, and 304 mu, 
with a fourth (at 285 my) as a barely detectable inflexion. The band near 240 my is not 
recognisable. Thus the spectra of this series of compounds are essentially similar to that 
of the parent sulphenamide differing significantly only in the intensity of the absorption. 
The spectra of the derivatives prepared from unsaturated and aromatic aldehydes show 
an order considerably more anarchic but the spectral pattern shown by these compounds 
at the shorter wavelengths is similar to that of the saturated derivatives. The character- 
istic benzenoid and benzo-absorptions are present with increased intensity. Additionally, 
there appears in these spectra a new band at longer wavelengths, the position and intensity 
of which depends largely on the substituent in the aromatic ring. 

It is well established }° that a sulphur atom adjacent to an unsaturated system can 
cause a significant bathochromic shift in the position of the absorption maximum. 
Koch 14 has suggested that the sulphur atom can conjugate as a donor with an 
unsaturated system R°S°C:C. This point has recently been emphasised by Bordwell and 
Boutan *° who demonstrated that bivalent sulphur will only engage in conjugation when 
it can act as an electron-donor. Koch’s further suggestion that a sulphur atom can link 
two otherwise conjugated systems through an unshared pair of electrons has been dis- 
counted 16 and it seems probable that only in cyclic systems can sufficient overlap exist to 
make this significant. The results reported here support these conclusions, for we find 
that the spectrum of benzothiazole-2-sulphenamide in which the effect of contributions 
from structures such as (VI) might be expected if the sulphur atom could exert a linking 
action is in fact almost identical with that of 2-methylthiobenzothiazole in which such 
contributions would be insignificant. Similarly, it is clear that in the alkylidenesulphen- 
amides the imine and the benzothiazole chromophore are virtually insulated from each 
other. 

These points are further exemplified by the substituted benzylidenesulphenamides. 
The long-wavelength bands of the corresponding aldoximes lie at comparable wavelengths, 
e.g., for o-, m-, and p-nitrobenzaldoximes Amax. = 250, 252, and 302 my respectively. The 
long-wavelength bands of the nitrobenzylidenesulphenamides lie at somewhat longer 
wavelengths, owing to bathochromic effect of the sulphur atom, and are clearly due to the 
isolated chromophore S‘N:CHAr. Furthermore, the effect of substitution on the positions 
of these bands finds a ready interpretation in the donor conjugation of the sulphur atom, 
for we observe that the benzylidene- and #-methoxybenzylidene-sulphenamides have 
almost identical spectra, whereas, because of the participation of structures such as (VII), 

1® Moreton and Stubbs, /., 1939, 1321; Cerniani and Passerini, J., 1954, 2261. 

11 Kiprianov, Yakovleva, and Rozum, J. Gen. Chem. (U.S.S.R.), 1952, 22, 365. 

12 Koch, J., 1949, 401. 

13 Fehnel and Carmack, J. Amer. Chem. Soc., 1949, 71, 84. 

1 Koch, J., 1949, 387, 394. 


18 Bordwell and Boutan, J. Amer. Chem. Soc., 1956, 78, 854. 
16 Mangini and Passerini, J., 1952, 1168. 
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o- and #-nitrobenzylidenesulphenamide absorb at longer wavelengths. Steric effects 
will partly neutralise the effect of the o-nitro-group. 


EXPERIMENTAL 


Benzothiazole-2-sulphenamide.—Simultaneous addition of a solution of 2-mercaptobenzo- 
thiazole (50 g.) in 1-1N-aqueous sodium hydroxide (225 c.c.) and a 6-5% solution of sodium 
hypochlorite (115 c.c.) to a cooled and vigorously stirred solution of ammonia (900 c.c.; d 0-88) 
under nitrogen, was regulated to be complete after 45 min. The product, a bulky solid, was 
collected and washed, using a centrifuge, until free from ammonia. The crude sulphenamide 
contained up to an equal weight of water from which the product was separated most readily 
by dissolving it in chloroform. The hot chloroform solution, when decanted from the aqueous 
layer, deposited on cooling, the sulphenamide (44-5 g.), m. p. 122—124° (Found: C, 46-1; 
H, 3-3. Calc. for C,H,N,S,: C, 46-1; H, 3-3%). 

N-Benzylidenebenzothiazole-2-sulphenamide.—Benzaldehyde (4 c.c.) in ethanol (20 c.c.) was 
boiled under reflux with benzothiazole-2-sulphenamide (1 g.) for 30 min. The solution was 
concentrated and filtered hot; on cooling there were deposited pink needles (1-0 g.), m. p. 
109—110°. Crystallisation from ligroin—benzene gave di(benzothiazolyl) disulphide, m. p. 
175°; from the mother-liquor impure product, m. p. 109—111° was obtained. Repeated 
recrystallisations raised the m. p. to 113—117-5° (Found: C, 61-5, 61-6; H, 3-7, 3-7. 
CygH,oN.S, requires C, 62-2; H, 3-7%). Pure N-benzylidenebenzothiazole-2-sulphenamide, 
colourless needles, m. p. 112° was obtained by treating an ethanolic solution of the crude product 
with Norite (Found: C, 61-7; H, 38%). The infrared spectrum showed bands at 1597 (m) 
and 1572 (m) cm."!. 

In approximate studies of the reaction conditions, sulphenamide (1 g.) was treated with 
benzaldehyde (0-5 g.) in boiling ethanol (5 c.c.) for various periods : 


NS Re: aA 0-25 0-5 1-0 2-0 
TTIIIEN - echiniisceieeaeinaneniaiacs 48 72 87 97 
GTI " crsistnesdactengsneetisiakanmeltabeads _ 105° 107° 107° 


Addition of potassium carbonate (1 g.) to the reaction mixture gave, after 15 minutes’ boiling, 
a quantitative yield of product, m. p. 112°, free from disulphide. A similar result was obtained 
with sodium carbonate; addition of sodium or potassium acetate or hydrogen carbonate did 
not improve the yield. 

N-o-Nitrobenzylidenebenzothiazole-2-sulphenamide.—The sulphenamide (0-5 g.) was heated 
for 30 min. with o-nitrobenzaldehyde (0-5 g.) in ethanol (15 c.c.) in the presence of potassium 
carbonate (1 g.). Yellow needles crystallised from the cooled solution. Recrystallisation 
gave N-o-nitrobenzylidenebenzothiazole-2-sulphenamide, m. p. 124°, from ethanol (Found: 
C, 53-2; H, 3-1. C,gH,O,N,S, requires C, 53-3; H, 2:9%). Similarly prepared were N-m-, 
yellow needles, m. p. 178—181° (from ethylene chloride) (Found: C, 52-7; H, 2-9%), and 
N-p-nitrobenzylidene-, yellow needles, m. p. 214—215° (decomp.) (from chloroform) (Found : 
C, 53-7; H, 3-0%), N-p-anisylidene-, colourless needles, m. p. 104° (from ethanol) (Found : 
C, 59-6; H, 3-8. C,;H,,ON,S, requires C, 60-0; H, 4-1%), and N-cinnamylidene-benzo- 
thiazole-2-sulphenamide, yellow needles, m. p. 131—133° (from ethanol) (Found: C, 64-3; 
H, 4:1. C,,H,.N,S, requires C, 64:9; H, 4-1%). 

The same method applied to acetophenone, fert.-butyl methyl ketone, butyraldehyde, and 
acetone gave only small yields of disulphide. 

N-isoPropylidenebenzothiazole-2-sulphenamide.—Sulphenamide (0-5 g.) was heated for 30 
min. with acetone (2 c.c.) in ethanol containing 3 drops of 2N-aqueous sodium hydroxide. On 
cooling, there were deposited colourless crystals of N-isopropylidenebenzothiazole-2-sulphenamide, 
m. p. 131° (from ethanol) (Found: C, 54-4; H, 4:5. Cy, 9H, N.S, requires C, 54:1; H, 45%), 
v 1620 (m) cm."?. 

N-sec.-Butylidene-, m. p. 80° (from ethanol) (Found : C, 55-3; H, 5-3. C.,,H,,N,S, requires 
C, 55-9; H, 5-1%), infrared spectrum showed a band at v 1622 (m) cm.-1; N-cyclopentylidene-, 
m. p. 131° (m. p. mixed with the derivative from acetone 91—103°) (from ethanol) (Found : 
C, 57-4; H, 5-0. C,,H,.N,S, requires C, 58-0; H, 49%), v 1629 (m) cm.-!; N-cyclohexylidene-, 
colourless needles, m. p. 106—107° (from ethanol) (Found: C, 59-3; H, 5-4. C,,;H,,N,S, 
requires C, 59-5; H, 5-3%), v 1622 (m) cm.-!; N-ethylidene-, colourless needles, m. p. 86° (from 
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ethanol) (Found: C, 51-7; H, 3-9. C,H,N,S, requires C, 51-9; H, 3-8%), v 1618 (m) cm."}, 
and N-isobutylidene-benzothiazole-2-sulphenamide, colourless needles, m. p. 55—56° (from 
ethanol) (Found: C, 55-6; H, 5-3. C,,H,.N,S, requires C, 55-9; H, 5-1%), v 1618 (m) cm."!, 
were prepared similarly. 

By this method, no product was obtained from diethyl ketone, methyl isopropyl ketone, 
acetophenone, or benzophenone. Small amounts of disulphide were formed. 

Acid Hydrolysis of Benzylidenebenzothiazole-2-sulphenamide.—The sulphenamide (135 mg.), 
in warm ethanol (2-0 c.c.), was treated with concentrated hydrochloric acid (25 mm.%). Di- 
(2-benzothiazolyl) disulphide was rapidly precipitated. The mixture was diluted with water 
and the disulphide (80 mg., 96%) was collected and washed with a little 50% aqueous ethanol. 
Addition of acidified 2: 4-dinitrophenylhydrazine solution to the filtrate gave benzaldehyde 
dinitrophenylhydrazone (120 mg.), m. p. 235°. 

Spectral Measurements.—Infrared spectra were measured on a Perkin-Elmer recording 
spectrophotometer, on mulls in Nujol. Ultraviolet spectra were determined on Beckman DU 
and Unicam S.P. 500 spectrometers for MeOH solutions unless otherwise stated. 


The authors acknowledge the technical assistance of Mr. F. Hastings in the observation of 
some of the spectra. This work was performed during the tenure (by K. J. M.) of a Senior 
Hulme Scholarship at Brasenose College, Oxford. 


Dyson PERRINS LABORATORY, OXFORD. (Received, March 5th, 1957.) 





600. Configurational Studies in Synthetic Analgesics. Part I1I.* 
The Configuration of (—)-Phenadoxone. 
By A. H. Becxetr and A. F. Casy. 
The configuration of (—)-phenadoxone has been shown to be identical 
with that of (—)-methadone by a study of molecular rotations in various 


solvents. The inapplicability of Freudenberg’s displacement rule and 
Leithe’s rule to certain systems is demonstrated. 


It has been found that nearly all the analgesic activity of (-+-)-phenadoxone (6-morpholino- 
4 : 4-diphenylheptan-3-one) resides in the (—)-isomer.t In an attempt to correlate the 
configuration of this isomer with that of (—)-methadone to provide further information 
concerning the stereoselectivity of “analgesic receptor sites,’’ certain isomers were 
prepared. 

Attempts to resolve (+)-3-morpholino-1 : 1-diphenylbutyl cyanide (Ila) by means of 
(+-)-tartaric acid and (+)-dibenzoyltartaric acid were unsuccessful; crystallisation of an 
equimolar mixture of the cyanide (IIa) and (+-)-tartaric acid from aqueous ethanol yielded 
the free base, probably owing to its very weakly basic nature [pK,’ 6-09; cf. 3-dimethyl- 
amino-1 : 1-diphenylbutyl cyanide (Ia), pK,’ 8-31]. Resolution was achieved by use of 
(+)-camphor-10-sulphonic acid. The (+)-cyanide (IIa) with ethylmagnesium bromide 
gave the (+-)-ketone (IIb) [(-+-)-phenadoxone], and on hydrolysis with aqueous sulphuric 
acid gave the (+-)-amide (IIc). Cleavage of the cyanide group with sodamide gave (+)-3- 
morpholino-1 : 1-diphenylbutane (IId). The preparation of the 3-dimethylamino-com- 
pounds (Ia, b, d, f, and g) and (III) has been reported elsewhere.*»5»* The (—)-amide (Ic) 
was prepared in the same way as the corresponding 3-morpholino-compound (IIc), and the 
ester (Ie) by a modification of the method of Gardner et al.” 

* The papers cited in refs. 1 and 2 are regarded as Parts I and II. 


+ “ (—)-Phenadoxone ”’ is 64 times as active as the (+)-isomer by the electric grid assay * and 15 
times as active by the radiant heat method ® (Elks, personal communication). 


1 Beckett and Casy, J., 1955, 900. 
Beckett and Harper, /J., 1957, 858. 
Basil, Edge, and Somers, Brit. ]. Pharmacol., 1950, 5, 125. 

Beckett, /. Pharm. Pharmacol., 1956, 8, 848. 

Larsen, Tullar, Elpern, and. Buck, ]. Amer. Chem. Soc., 1948, 70, 4194. 
Tullar, Wetterau, and Archer, ibid., p. 3959. 
Gardner, Easton, and Stevens, ibid., p. 2906. 
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Quasi-racemate formation was investigated in this series. Although the (+)- and the 
(—)-cyanide (Ia) formed a racemate the temperature-composition diagrams of mixtures 
of (+-)-(Ia) and (+-)-(IIa), and of (—)-(Ia) and (+)-(IIa) showed no significant difference 
and could not therefore be used for the assignment of configuration. 


NMe,-CHMe-CH,-CPh.R O <[CH,-CH,], > N-CHMe-CH,CPh,R NMe,-CHMe-CH:CPh, 
(1) (II) (111) 
R = (a) CN, (b) COEt, (c) CO-NH,, (d) H, (e) CO,Et, (f) OH, (g) SO,Et 


In Table 1, the molecular rotations of various isomers of the methadone type (I) and 
the phenadoxone type (II) are recorded (variations due to concentrations are much less 
than those due to change of solvent). The configurational identity of compounds within 
series (I) has already been established;1 the configurational identity of those of the 
phenadoxone series (II) follows since their preparation from the (+-)-amino-cyanide (IIa) 
has not involved the asymmetric centre. 


TABLE 1. Molecular rotations at 19° +. 1° (c in parentheses). 





Methadone series (I) in: Phenadoxone series (II) in: 
A — Ge “A — 
Direction Direction 
of dis- of dis- 
R C,H,, C,H, EtOH H,O* placement C,H,, C,H, EtOH H,0O* placement 
COEt ... —106° —74-:2° —80-4° —386° —— pm +247° +179° +245° +345° ——»> 
(1-2) (1-3) (1-5) (1-5) -_ (0-8) (0-8) (0-8) (0-8) + 
Cae abenic —181 —165 —142 +16-75 ——m» +183 +154 +211 —4-8 — 
(0-9) (0-8) (0-8) (5-0) + (1-0) (10) (1:0) = (1:0) = 
pene. —168 —127 +30-4 +153 — er +145 +123 +546 —96-6 ——S> 
(4-8) (4-7) (3-4) (1:0) + (1-0) (1-0) (1:0) = (1-0) — 
CO-NH, -—497 — 536 —332 —249 — Pr +420 +491 4431 +256 Seen 
0-5) (0-9) (0-9) (0-9) + (0-9) (0-9) (0-9) (0-9) = 
CO,Et ... —278 — 240 —163 —135 TS -- = -—- _- 
(2-0) (1-8) (1-8) (1-0) + 
SO,Et... — +41-4%¢ o¢ —109¢ —_ —- -- -— “= 
(2-0) (2-0) (5-0) = 
eres +990 +87-7 —73-5 —121 an = — --- 
(0-8) (1-9) (0-8) (1-0) “ 
(III) ... +321 +309 +427 +614 al —- ~- _ -- 
(1-0) (1-0) (1-0) (0-9) + 


* Hydrochloride. * See ref. 5. ¢ In acetone. ¢ See ref. 6. 


Freudenberg’s displacement rule § states that if two similarly constituted asymmetric 
molecules are chemically altered in the same way, the change in molecular rotation will 
be in the same direction in each case (and usually of the same order of magnitude). The 
pairs (Ia, Ila, etc.) satisfy the requirement of structural similarity and study of A[M} 
values (see Table 2) for the base hydrochlorides in water shows a consistent series 


TABLE 2. Molecular rotation differences relative to compounds (Ib) and (IIb). 





Methadone series (I) in: Phenadoxone series (II) in: 

R ‘C,H, C,H, EtOH 4H,O* ‘C,H, C,H, EtOH H,O* 
Ge senagcsienssscnbes — 75° —91° — 62° +403° — 64° — 25° — 34°  —350° 
__ eee — 62 — 53 +110 +539 —102 — 56 —190 —442 
CEPI secncerncses —391 — 462 — 252 +37 +173 +312 +186 — 89 


* Hydrochloride. 


of oppositely directed values. Assignment of non-identical configurations to (—)- 
methadone (Ib) and (+-)-phenadoxone (IIb) on this evidence alone is not justified how- 
ever, as A[M] values of the bases are not similarly related in other solvents. 

Leithe ® presented evidence that the molecular rotations of bases possessing analogous 


8 Freudenberg, Ber., 1933, 66, 177. 
* Leithe, Oesterr. Chem. Zig., 1932, 35, 133; Ber., 1934, 67, 1261. 
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asymmetric centres and of like configuration are displaced in the same direction when 
examined in a series of solvents of increasing polarity. The configuration of certain 
molecules has been assigned on the basis of this method, but the present authors have 
questioned the validity of such assignments 7° (see also Bentley and Cardwell }). In 
Table 1, the compounds of the methadone series differ only in their substituent on the 
carbon atom § to the asymmetric centre; the direction of molecular-rotational change 
brought about by increase in the polarity of the solvent is not similar for all these com- 
pounds. Opposite effects occur even for compounds of not too dissimilar group types, 
e.g., ketone and amide, ketone and ester. Since rotations are usually measured for few or 
even only one wavelength it is not unexpected that the above rules have only limited 
application. It is possible that the correlation of changes in the magnitude and position 
of rotational ‘‘ maxima” and “ minima ’”’ ® upon group displacement or changes in the 
polarity of the solvent might be a more reliable criterion. 

Despite the above limitations, it seems reasonable to use dependence of molecular 
rotation on polarity of solvent (using one wavelength) in relating configurations of com- 
pounds of type (I) and (II) in which only the basic group is altered, provided a number of 
corresponding members of each series are available, configurational identity within each 
series is established, and a consistency of patterns observed. Table 1 shows that the 
molecular rotation of (—)-methadone (Ib) is displaced towards increasing levorotation and 
that of (+)-phenadoxone (IIb) towards increasing dextrorotation as the polarity of the 
solvent increases, while the cyanides (Ia and IIa), the amides (Ic and IIc), and the hydro- 
carbon pairs (Id and IId) also show opposite trends. Certain [M] values are anomalous, 
e.g., that of the cyanide (IIa) in ethanol and a number of [M] values measured in cyclo- 
hexane. For the ketone (Ib), the amide (Ic), and the olefin (III), the [MM] values in the 
latter solvent are contrary to the general trend. It is significant, however, that similar 
anomalies occur in the [M] values in cyclohexane of the ketone and amide of the phena- 
doxone series. Unlike configurations are therefore assigned to the members of each pair 
in the (I) and (II) series. 

It follows that the configuration of (—)-phenadoxone, the analgesically active isomer, 
is identical with that of (—)-methadone and hence! also with that of (—)-3-dimethyl- 
amino-l : 1-diphenylbutyl ethyl sulphone, (+)-dimethylthiambutene and (+)-diethyl- 
thiambutene. Each of these isomers is the more analgesically active member of an 
enantiomorphic pair and the present finding further supports the proposed stereochemical 
requirements of analgesics discussed elsewhere. 


EXPERIMENTAL 


Microanalyses were by Mr. G. S. Crouch, School of Pharmacy, University of London. 

Equiv. wts. of the bases were determined by titration with 0-02N-perchloric acid in glacial 
acetic acid with Oracet blue B as indicator.* Titration of hydrochlorides was carried out in 
the same solvent in the presence of mercuric acetate by Pifer and Wollish’s method." 

Resolution of 3-Morpholino-1 : 1-diphenylbutyl Cyanide (Ila)—-The amino-cyanide (24 g.) 
and (+)-camphor-10-sulphonic acid (17-4 g.) were dissolved in warm acetone (120 c.c.) and 
kept overnight in a refrigerator. The crystals formed were recrystallised twice from acetone, 
to give the (+)-amino-cyanide (+)-camphor-10-sulphonate (3-2 g.), m. p. 106—108-5°, [a]? 
-+ 23-1° + 0-5° (c 3-0 in EtOH). The base was liberated with dilute aqueous ammonia and 
crystallised from ethanol, to give the (+)-amino-cyanide m. p. 109—110°, [a]?? +65-7° + 0-3° 
(c 1-0 in EtOH), [a]? +48-1° + 0-5° (c 0-97 in benzene), [a]? +57-2° + 0-6° (c 0-96 in cyclo- 
hexane), [a]}? —1-5° + 0-8° (c 1-0 in 0-04n-HC)). 

(+)-6-Morpholino-4 : 4-diphenylheptan-3-one Hydrochloride.—The (-+-)-amino-cyanide (IIa) 

1° Beckett and Casy, Nature, 1954, 173, 1231. 

11 Bentley and Cardwell, J., 1955, 3252. 

12 Djerassi, Riniker, and Riniker, ]. Amer. Chem. Soc., 1956, '78, 6362 (and refs. there cited). 

18 Beckett and Casy, J. Pharm. Pharmacol., 1954, 6, 986. 


14 Beckett and Tinley, “‘ Titrations in Non-Aqueous Solvents,’’ The British Drug Houses Ltd., Poole. 
18 Pifer and Wollish, ]. Amer. Pharm. Assoc., Sci. Ed., 1951, 40, 609. 
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(0-5 g.) in dry toluene (5 c.c.) was added to ethylmagnesium bromide in ether (5 c.c.) prepared 
from magnesium (0-1 g.) and ethyl bromide (0-62 g.). The ether was distilled off, and the 
mixture refluxed for 5 hr. and then added to ice and concentrated hydrochloric acid (2-5 c.c.). 
The solid which separated was heated with 2n-hydrochloric acid (10 c.c.) on a water-bath for 
30 min., and the free base liberated with dilute aqueous ammonia and extracted with ether. 
After drying (Na,SO,), the ether was removed, to give the (+)-amino-ketone (IIb) which 
formed a hydrochloride, needles (from ether—ethanol), m. p. 240° (decomp.), [«]?? -+-78-0° +. 0-7° 
(c 0-9 in H,O) (Found: C, 70-8; H, 7-3%; equiv., 396. C,,H;,O,NCI requires C, 71-1; H, 
7-7%; equiv., 388). The free base from the (—)-amino-ketone hydrochloride, m. p. 247°, 
[~]?? —88-8° + 0-4° (c 0-76 in H,O), had [«]?? —69-7° + 0-5° (c 0-76 in EtOH), [a]? —50-9 
(c 0-84 in benzene) and [«]?? —70-4° (c 0-8 in cyclohexane). 

y-Morpholino-a«-diphenylvaleramide (IIc).—A mixture of the amino-cyanide (Ila), con- 
centrated sulphuric acid (9 c.c.), and water (0-9 c.c.) was heated on a steam-bath for 3 hr., 
poured on ice, and made alkaline with dilute aqueous ammonia. The solid which separated 
was crystallised from aqueous ethanol, to give needles of the amino-amide (IIc) (4-5 g.), m. p. 
143—144° (decomp.) (Found: C, 74:3; H, 7:5; N, 8-0%; equiv., 337. C,,H,,O,N, requires 
C, 74:6; H, 7-7; N, 8-3%; equiv., 338). 

The (+-)-amino-amide, prepared in the same way, had m. p. 78—82°, [a]}§ +121° + 2° (c 
0-89 in EtOH), [a]? +138° + 2° (c 0-86 in benzene), [«]}§ + 118° + 2° (c 0-87 in cyclohexane), 
[a]i® +71-9° (c¢ 0-86 in 0-04N-HCl) (Found: C, 72-4; H, 7:9; N, 7-7%; equiv., 351. 
C,,H,,0,.N,,$H,O requires C, 72-6; H, 7-8; N, 8-05%; equiv., 347). 

(+)-3-Morpholino-1 : 1-diphenylbutane.—A mixture of the (+-)-amino-cyanide (IIa) (2 g.), 
sodamide (2 g.), and dry toluene (20 c.c.) was refluxed for 24 hr., filtered, and evaporated, to 
give the (+)-amino-butane (1-4 g.) as a pale yellow oil. It formed a picrate, yellow needles 
(from ethanol—acetone), m. p. 176—177° (Found: C, 59-4; H, 54%; equiv., 518. 
C,,H,,O,N, requires C, 59-55; H, 5-3%; equiv., 524). The free base had [a]}® +18-5° + 1° 
(c 1-0 in EtOH), [a]}® +41-6° + 1° (c 1-0 in benzene), [a]}® +49-0° + 1° (c 1-0 in cyclohexane) 
and [a]}§ —29-1° + 0-5° (c 1-0 in 0-04n-HC]). 

3-Dimethylamino-1 : 1-diphenylbutyl cyanide (Ia) was resolved by the method of Larsen 
et al.5 and the (+-)-isomer converted into the amino-ketone (Ib) with ethylmagnesium bromide 
as described above. It had m. p. 100—101°, [a]?? + 27-5° + 0-5° (c 1-2 in EtOH), [a]? + 24-0° 
(c 1-3 in benzene), [x]? +34-4° + 0-4° (c 1-2 in cyclohexane) {Larsen ef al.5 give m. p. 100— 
101°, [a] + 26° (c 1-5 in EtOH)}. 

y-Dimethylamino-a«-diphenylvaleramide (Ic), prepared from the (—)-amino-cyanide (Ia) 
as described above for the amide (IIc), formed needles (from aqueous ethanol), m. p. 134-5— 
135-5°, [x]? —112° (c 0-87 in EtOH), [a]? —181° + 1° (c¢ 0-9 in benzene), [x]? —168° + 1° 
(c 0-5 in cyclohexane), [a]?? —84-1° + 0-5° (c 0-9 in 0-04N-HCl) (Found: C, 77-6; H, 8-3; N, 
9-5%; equiv., 294. C,,H,,ON, requires C, 77-0; H, 8-1; N, 95%; equiv., 296). 

Ethyl sy-Dimethylamino-aa-diphenylvalerate (Ie) —The (—)-amino-cyanide (Ia) was hydro- 
lysed by the method of Gardner et al.? to (—)-4-dimethylamino-2 : 2-diphenylpentanoic 
acid hydrogen sulphate. A mixture of the (—)-salt (1-3 g.) and redistilled thionyl chloride 
(2 c.c.) was heated at +60° for 30 min. The excess of thionyl chloride was distilled off under 
reduced pressure and the residue shaken with benzene until it solidified. The solid was washed 
with benzene, then refluxed with ethanol (20 c.c.) for 2 hr., and poured into water. The free 
base was liberated with dilute aqueous ammonia and extracted with ether. After drying 
(Na,SO,), the ether was removed, to give the oily (—)-amino-ester (Ie) that gave a hydro- 
chloride (from ether—acetone), m. p. 169—170°, [a/} —37-3 + 0-4° (c 1-1 in H,O) {Pohland 
et al.t® give m. p. 172—173°, [a] —38° (c 0-2 in H,O)}. The free base had [«]?? —50° (c 1-8 in 
EtOH), («]?? —73-8° (¢ 1-8 in benzene), [a]?? —85-5° + 0-5° (c 2-0 in cyclohexane). 


We are indebted to Glaxo Laboratories for making available (-+)-3-morpholino-1 : 1-di- 
phenylbutyl cyanide and a sample of (—)-phenadoxone. 


SCHOOL OF PHARMACY, CHELSEA POLYTECHNIC, 
MANRESA Roap, Lonpon, S.W.3. [Received, March 8th, 1957.) 


16 Pohland, Marshall, and Carney, J. Amer. Chem. Soc., 1949, '71, 460. 
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601. Quantitative Aspects of the Base-catalysed Halogenation of Ali- 
phatic Ketones. Part III. Comparison of Bromination and 
Iodination. 

By C. F. Curtis and M. H. Has. 


Work on the base-catalysed iodination of aliphatic ketones has been 
extended to a study of bromination. The two reactions are similar but the 
greater stability of hypobromous acid enables less stringent conditions to be 
employed to obtain the limiting uptake of bromine. Nevertheless, with 
methyl ketones, reaction rarely gives quantitative yields of bromoform and a 
fatty acid; bromination of the non-methyl group (leading to the formation 
of bromo-acids) and of bromoform to carbon tetrabromide occur as side 
reactions. With non-methyl ketones, a highly complex reaction occurs and 
the main process appears to be oxidation of the substrate. 


PREVIOUS papers }:* reported an investigation of the base-catalysed iodination of some 
aliphatic ketones, and it is now believed that the principal iodinating species is hypoiodous 
acid. In view of the different properties of hypoiodites and hypobromites,‘ it was thought 
of interest to carry out a parallel study of the bromination of these ketones. 


EXPERIMENTAL 


The experimental methods were similar to those used in the iodination experiments.” 

Kinetic Measurements.—Since the reactions are relatively rapid, rate measurements were 
made in Y-tubes. To prevent bromine vapour from distilling into the alkali-ketone mixture, 
a separate flask containing the standard bromine solution was placed in the thermostat until 
the required temperature was attained, and the bromine solution was pipetted into the empty 
limb of the Y-tubes immediately before the solutions were mixed. Reaction was stopped by 
pouring the reaction mixture into 10% potassium iodide solution containing just sufficient 
hydrochloric acid for neutralisation of the alkali, and the liberated iodine was immediately 
titrated with thiosulphate. 

Measurement of Bromine Consumption.—The procedure was the same as with iodine except 
that 1 ml. of 10% potassium iodide solution was added immediately before acidification ; 
the resulting iodine was rapidly titrated with thiosulphate. 

Identification of Acid Reaction Products —After removal of excess of bromine, organic acids 
were separated from other products by extraction into ether followed by aqueous ammonia. 
The ammoniacal solution was analysed for the anions of fatty acids by paper-chromatography.® 

Quantitative Analysis of Reaction Products——Excess of halogen was removed with thio- 
sulphate, and the organic constituents were extracted into ether (8 x 5 ml.). Acid products 
were separated from neutral products by shaking with 0-1N-aqueous sodium hydroxide 
(3 x 5 ml.) and then extracted back into ether (3 x 5 ml.) after acidification. Both the 
ethereal solutions were separately analysed for bromine content by the sodium—alcohol method.* 


RESULTS 


Kinetic Measurements—(a) Methyl ketones. Measurements were made of the rates of 
bromination of acetone, ethyl methyl ketone, methyl isopropyl ketone, and /ert.-butyl methyl 
ketone. With the alkali present in large excess, the rate of bromine consumption obeys a first- 
order kinetic law. The velocity constants are substantially the same as those for iodination 
(Table 1). The slightly higher bromination rates are probably attributable to the greater 


1 Part I, Cullis and Hashmi, J., 1957, 1548. 

? Part II, idem, J., 1956, 2512. 

* Morgan, Bardwell, and Cullis, J., 1950, 3190. 

* Kretzschmar, Z. Elektrochem., 1904, 10, 798. 

§ Hashmi and Cullis, Analyt. Chim. Acta, 1956, 14, 336. 

* Drogin and Rosanoff, J. Amer. Chem. Soc., 1916, 38, 711. 
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halogen consumption found with bromine (cf. Table 3). It is difficult to apply a correction for 
this, since the higher bromine uptake is due, at least in part, to slow further bromination of 
bromoform (cf. Fig. 2). 

(b) Non-methyl ketones. In measurements of the rate of bromination of non-methyl 
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Fic. 1. The influence of alkali concentration on Fic. 3. The influence of bromine concentration 


halogen consumption. 








—— 


1 1 | aul 

O/ 02 Os 
NaOH concn(mo/e "Set 

Temp. = 25°; [Ketone] = 0-0025m. 
A, CH,-CO-CH,°CH,, [Bromine] = 0-012. 
B, CH,°CH,°CO-CH,°CH;, [Bromine] = 0-0156M. 
(The broken lines represent the iodine con- 
sumption with [Iodine] = 0-01.) 





Moles of halogen consumed per mo/e of ketone 


Fic. 2. The influence of alkali concentration on 
the bromination of bromoform. 











v 

S 

+ & 

“ C\ Ln 
ss ” ita 
~ ~ 

er.) ae | 
wo & a | 
co J 

~ e 

Ea Fs 

on. 

4° 

—¥ 
SO 
v& 1 l 1 = 
ae O/ 02 Os 

LQ 

< 4 


NaOH concn(mo/e?” 
Temp. = 25°; [Bromoform] = 0-0025m ; 
[Bromine] = 0-012m. 

Reaction time = 24 hr. 











on bromine consumption. 
- 
S tl aa | 
S30 S—e—, 
g 
3 20 "ae 
& 
8 /0F “Wig | 
| 

© i l 1 
_ ; 
D | 8 a 
sO go” 
3 \ 
2 sy 
5 4OF ~~ 
.w) | * | 

° 
e JO \ | 
& be 
© 20 bs | 
BS Tig | 
3 oF e | 
= 
£ ! 4 | 
$ OOOS 0-0/0 OO/S 


Bromine concn(mole l’ } 
Temp. = 25°; [Ketone] = 0-0005m; [NaOH)} 
@ = 0-02m, O = 0-08. 
A, CHyCO-CH,CH;. B, CHy-CH,-CO-CH,CH3. 


Fic. 4. The influence of bromine concentration 
on the pH of reaction mixtures. 
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TABLE 1. Rate of halogenation of some methyl ketones. 
Temp. = 25°; [Ketone] = 0-0025m; [Bromine] = 0-0105m; [Iodine] = 0-0lm; [NaOH] = 0-1. 


BET. siostihitacstnabiadnateniscipesiegaeee 
Ethyl methyl ketone ................... 
Methyl isopropyl ketone ................ 
tert.-Butyl methyl ketone ............. 


Vel. const. (%) (10-* sec.-1) 


Bromination Iodination 
Satna 7-20 16-80 
Seca 9-43 9-01 
aahaais 7-30 7:16 


sbecdtive 3-65 3-41 
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ketones, the halogen concentrations were higher than in the corresponding iodination experi- 
ments to accommodate the greater consumption of bromine. The rates of bromination of 
diethyl ketone, n-butyl ethyl ketone and diisopropyl ketone are similar to the corresponding 
iodination rates (Table 2), but there is no evidence of close quantitative agreement. The 
higher bromination rates can probably be ascribed to the greater bromine uptake (cf. Table 3). 

The rates of bromination of all the ketones studied are independent of halogen con- 
centration.? With methyl ketones, the velocity is proportional to the hydroxyl-ion 
concentration, though with non-methyl ketones the behaviour is more complex. 


Fic. 5. The influence of the order of mixing of the reagents on halogen consumption. 
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Temp. = 25°; [Ketone] = 0-0025m; [NaOH] = 0-05m. 
Ketone and sodium hydroxide mixed, bromine added after time /. 
Bromine and sodium hydroxide mixed, ketone added after time /. 
A, CH;°CO-CH,°CH;, [Bromine] = 0-012. 
B, CH,;°CH,°CO-CH,°CH;, [Bromine] = 0-0156m. 


(The broken lines represent the iodine consumption with [Iodine] = 0-0lm. The upper curves in A’ 
and B’ refer to experiments in which the iodine was added last, and the lower curves refer to experi- 
ments in which the ketone was added last.) 


@0o 


Factors Controlling the Extent of Bromine Consumption.—(a) Influence of alkali concentration. 
The uptake of bromine by both methyl and non-methyl ketones increases with alkali con- 
centration. Although, as with iodine, a stoicheiometric excess of alkali must be used to achieve 
the limiting uptake of bromine, the bromine consumption is considerably higher than the 


TABLE 2. Rates of halogenation of some non-methyl ketones. 
Temp. = 25°; [Ketone] = 0-0025m; [Bromine] = 0-03m; [Iodine] = 0-01m; [NaOH] = 0-IM. 
Vel. const. (R) (10-% sec.—) 


Bromination Iodination 
BTS PIED casisescciviinctioscessescssssvesess 3-60 3-31 
EDUC YE CEN GE MOGGMO  cccccsccsccccsccscrcscccece 3-98 3-64 
TOOORNGE TROND xisccensctincecsesscecesnsicss 2-45 2-30 


iodine uptake, especially at low alkali concentrations. Some typical results are shown in 
Fig. 1, and the numbers of moles of bromine and iodine consumed per mole of ketone after 
1 hr. are given in Table 3. Still more bromine is consumed, if the reaction is allowed to proceed 
for more than lhr. This is clearly due to the slow further bromination of bromoform to carbon 


7 Cf. Bartlett, J. Amer. Chem. Soc., 1934, 56, 967; Bell and Longuet-Higgins, /., 1946, 636. 
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tetrabromide ** which, as blank experiments show, is complete after about 24 hr. provided 
sufficient alkali is present (Fig. 2). 


TABLE 3. Limiting consumption of halogen by ketones. 


Temp. = 25°; [Ketone] = 0-0025m; [Bromine] = 0-012m (methyl ketones), 0-0156m (non-methyl 
ketones); [Iodine] = 0-0lm. Reaction time = 1 hr. 


Moles of halogen consumed per mole of ketone 


Ketone Bromine Todine 
IS, | wicussavinnmntivinnensenivensmeianns 3-50 3-02 
Ethyl methyl ketone _............ccceee0e. 3-70 3°12 
Methyl n-propyl ketone ...........000+08- 3-68 3°15 
n-Butyl methyl ketone —..........-..0008- 3-70 3-02 
Methyl isopropyl ketone .............00++ 3-43 2-65 
tert.-Butyl methyl ketone ............... 3-05 2-35 
DAES DBO. cccccicccccvecccscosccccsccses 5-52 77 
n-Butyl ethyl ketone ..............2eeeees 5-20 3-60 
Diisopropyl ketone  ........seseeeeeseeeeees 1-92 1-52 








TABLE 4. Acids formed in the base-catalysed bromination of ketones.* 
Temp. = 25°; [Ketone] = 0-0025m; [Bromine] = 0:015m; [NaOH] = 0-4. 
Acids formed 
AL ——________ ——$__—— — 
Ketone Fatty acids Bromo-acids 
CH,CO;CH; CH,°CO,H CH,Br-CO,H 
alee 0-38 (0-39) 0-45 (0-44) 
CH,-CH,'CO-CH, CH,-CH,-CO,H CH,-CHBr-CO,H 
0-48 (0-48) 0-52 (0-52) 
CH,°CH,°CH,°COCH, CH,°CH,°CH,°CO,H CH,°CH,°CHBr-CO,H 
. 0-58 (0-57) 0-60 (0-61) 
CH,-CH,-CH,-CH,-CO!CH, CH,-CH,-CH,-CH,-CO,H CH,CH,-CH,-CHBr-CO,H 
“fae s 0-68 (0-68) 0-70 (0-70) 
(CH,),CH“CO!CH, (CH,),CH-CO,H (CH,),CBr-CO,H 
.% 0-57 (0-57) 0-60 (0-61) 
CH,Br-CO,H 
— 0:45 (0-45) 
(CH,),C:COCH, (CH,);C-CO,H CH,Br-CO,H 
‘ 0-69 (0-69) 0-44 (0-45) 
CH,-CH,CO;-CH,’CH, CH,°CO,H CH,CHBr-CO,H 
; 0-38 (0-39) 0-52 (0-53) 
CH,°CH,°CO,H 
— 0-47 = (0-48) 
CH,°CH,°CH,°CH,"'CO;-CH,-CH, CH,°CO,H CH,-CHBr-CO,H 
; 0-38 (0-39) 0-52 (0-53) 
CH,°CH,°CO,H CH,’CH,’CH,-CHBr-CO,H 
0-47 (0-48) 0-70 (0-70) 
CH,°CH,°CH,°CH,°CO,H 
; 0-68 (0-68) 
(CH;),*CH-CO:-CH(CHs3), No fatty acids detected (CH;),°CBr-CO,H 
; 0-61 (0-60) 


* Ry values of acids present in products are given together with the corresponding values deter- 
mined for the known acids. The developing solvent contained 30°, v/v of aqueous ammonia (s.g. 
0-88) and 70% v/v of n-propyl alcohol. 


(b) Influence of bromine concentration. Equal volumes of different bromine solutions were 
added to a standard ketone—alkali mixture. From the typical results in Fig. 3 it will be seen 
that at high alkali concentrations, the consumption of halogen increases slightly with bromine 
concentration. However, at low alkali concentrations, a large excess of bromine has an 
unfavourable effect. The decrease in halogen uptake is probably due to depletion of the 
hydroxyl ion as a result of the reaction: Br, + OH~ = HBrO + Br~. Control experiments 
show a decrease in pH when relatively large amounts of bromine are added to solutions of 
sodium hydroxide (Fig. 4). The effect is naturally most marked at low alkali concentrations 


8 Dehn, J. Amer. Chem. Soc., 1909, 31, 1227. 
® Fuson and Bull, Chem. Rev., 1934, 15, 275. 








3084 Cullis and Hashmi: Quantitative Aspects of the Base-catalysed 


and vanishes when a large excess of sodium hydroxide is present. Addition of bromide ions 
has no effect on bromine uptake; in this respect, bromination differs from iodination, in which 
the halogen uptake is decreased by iodide ions, which accelerate disproportionation of 
hypoiodous acid.?° 

(c) Order of mixing of reagents. The consumption of halogen is slightly decreased when the 
alkali and bromine solutions are mixed and set aside before the ketone is added (Fig. 5). The 
observed effect is not nearly as pronounced as with iodine. 

(d) Rate of addition of bromine. The uptake of bromine is increased by slow addition of the 
halogen, especially at low alkali concentrations. Again the observed effects are not as marked 
as with iodine. 

Identification of Reaction Products ——(a) Acids. The Ry values of the fatty acids and bromin- 
ated organic acids found are given in Table 4. The acids generally correspond to those formed 
on iodination, indicating that the course of bromination of these ketones is similar to that of 
iodination. 

(b) Carbon tetrabromide. With all ketones except diisopropyl ketone, colourless crystals 
separated from the reaction mixtures after long standing, especially when the sodium hydroxide 
concentration was greater than 0-2m. The liquid was decanted and the crystals were repeatedly 
washed with water and were recrystallised from alcohol. The m. p.s of the various samples of 
carbon tetrabromide lay in the range 90—91° (lit., m. p. 90-19). 

Quantitative Analyses of Reaction Products.—Analytical data for the bromination products of 
methyl and non-methyl ketones are shown in Table 5. The results obtained with methyl 


TABLE 5. Bromination products of some ketones. 


Temp. = 25°; [Ketone] = 0-0025mM; [Bromine] = 0-012m (methyl ketones), 0-0156m (non-methyl 
ketones); [NaOH] = 0-4. 


Moles of bromine per mole of ketone 





Found 
Ketone Neutral Acid Total Consumed Extraction (%) 
ROGRNED crccrccccenecvdbsiccsevecoeees 3-28 0-13 3-41 3°48 98-0 
Ethyl methyl ketone ............ 3-33 0-29 3-62 3-70 97-9 
Methyl n-propyl ketone ......... 3-35 0-25 3-60 3-70 97-4 
n-Butyl methyl ketone ......... 3-30 0-25 3-55 3-60 98-6 
Methyl isopropyl ketone ......... 3-10 0-22 3-32 3-40 98-3 
tert.-Butyl methyl ketone ...... 2-85 0-22 3-07 3-11 98-3 
Diethyl ketone ...........-.sssese: 0-49 0-20 0-69 5-52 12-5 
n-Butyl ethyl ketone ............ 0-68 0-30 0-98 5-20 18-9 
Ditsopropyl ketone ..............- 0-17 0-40 0-57 1-92 30-2 


ketones show a marked contrast with those for non-methyl ketones. With the former, almost 
all the bromine taken up is in organically bound form, while with the latter the percentage 
extraction of the halogen consumed is quite low. These findings are similar to those for 
iodination and suggest that with non-methyl ketones the halogen performs considerable oxid- 
ation of the organic substrate. 


DISCUSSION 


Nature of the Brominating Species.—The bromination and iodination of ketones have 
many features in common. By analogy with iodination, the brominating species is 
probably hypobromous acid. This is 300 times more stable than hypoiodous acid,‘ and 
there is only a relatively small tendency for the acid to disproportionate. In the present 
study of the bromination of ketones, the results are in agreement with the greater stability 
of hypobromous acid, and to achieve high uptake of bromine it is not necessary to control 
the experimental conditions as strictly as in iodination.’'* Thus the bromine consumption 
reaches a limiting value at lower alkali concentrations, and the effect of the order of mixing 
of the reagents is much less marked for bromination. Further the unfavourable effect of 


1 Li and White, J. Amer. Chem. Soc., 1943, 65, 335. 
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excess of halogen at low alkali concentrations is not apparent unless comparatively large 
quantities of bromine are added, because the pH remains high enough to stabilise hypo- 
bromous acid. 

Methyl Ketones.—Under the experimental conditions used, the bromoform produced is 
further brominated to carbon tetrabromide; thus the theoretical limiting molar uptake of 
bromine with methyl ketones is 40. However, the molar consumption of bromine 
(measured after 1 hr.) is always less than the above value, since conversion of bromoform 
into carbon tetrabromide is slow. 

The analytical results show that a small proportion of the consumed bromine is in acid 
form, while the major part is found as bromoform and carbon tetrabromide. The bromo- 
acids identified in the products correspond with the iodo-acids found on iodination, and 
their formation indicates some attack on the non-methyl group during halogenation in 
addition to the normal attack on the methyl group. 

Non-methyl Ketones.—To achieve the limiting uptake of bromine, the same experi- 
mental conditions should be used as with methyl ketones. This suggests that the 
brominating species is again hypobromous acid. 

The molar consumption of bromine is considerably greater than that of iodine. How- 
ever, the analytical results show that only 10—30% of the bromine consumed is organically 
bound. With the non-methyl compounds, hypobromous acid thus appears to be an even 
more powerful oxidising agent than hypoiodous acid.14_ The various fatty acids and bromo- 
acids identified in the products correspond with the acids found on iodination and this no 
doubt indicates an essential similarity in reaction mechanism. 

Conclusion: Use of Methods involving Base-catalysed Halogenation for the Quantitative 
Analysis of Methyl Ketones.—Iodination processes are generally unsatisfactory for the 
determination of methyl ketones (with the possible exception of acetone), since the experi- 
mental conditions must be very carefully adjusted in order to maintain an adequate supply 
of hypoiodous acid. Even if this is done, however, the occurrence of some halogenation of 
the non-methyl group (simultaneously with attack of the methyl group) and of some 
premature hydrolysis of intermediate iodo-ketones ensures that reaction rarely occurs 
according to the overall equation : 


CH,-COR + 31, + 4NaOH = CHI, + R°CO,Na + 3Nal + 3H,O 


On account of the greater stability of hypobromous acid than of hypoiodous acid, it 
might be expected that the use of bromine would reduce the stringency of the conditions 
needed to maintain a sufficient supply of the halogenating species. This is found to be the 
case, but nevertheless bromination is no more satisfactory than iodination as a basis of 
methods for the determination of methyl ketones. For, in addition to the continued 
occurrence of the side reactions referred to above, there is the added complication that in 
alkaline solution bromoform is slowly further halogenated to carbon tetrabromide. 


PHYSICAL CHEMISTRY DEPARTMENT, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. Kenstncton, Lonpon, S.W.7. (Received, February 7th, 1957.) 


't Cf. Latimer, ‘‘ Oxidation Potentials,’’ Prentice-Hall Inc., New York, 1952. 
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602. A New Synthesis of Phosphatidylserine and the Preparation 
of Serine and 2-Aminoethyl (“ Ethanolamine”’) Phosphate Esters. 


By T. H. Bevan, T. Makin, and J. M. TrpLapy. 


Phosphatidylserine has been prepared in good yield by the interaction 
of glycerol l-iodide 2: 3-distearate and N-benzyloxycarbonyl-pL-serine 
benzyl ester 3-(silver phenyl phosphate) in boiling xylene in the dark, followed 
by catalytic hydrogenolysis. Serine and 2-aminoethyl (ethanolamine) 
O-phosphate are prepared in high yield by the action of diphenyl phosphoro- 
chloridate on pL-N-benzyloxycarbonylserine benzyl ester and N-benzyloxy- 
carbonylethanolamine, respectively, followed by catalytic hydrogenolysis. 


PHOSPHATIDYLSERINE was discovered in ox-brain phospholipids by Folch,’ who showed 
it to be an oleoylstearoylphosphatidyl ester of L-serine. Baer and Maurukas? then 
established the detailed structure by the synthesis of O-(L-1 : 2-distearoylphosphatidy])-L- 
serine (I), identical with the reduction product of phosphatidylserine from ox brain. Baer 
and Maurukas’s synthesis, outlined below, is a general synthesis for phosphatidyl compounds 
but has disadvantages. E.g., 1: 2-diglycerides, the starting materials, are difficult to 
prepare * and change readily by acyl migration into the 1 : 3-isomers; and the phosphoryl- 


ation stage gives diphosphatidyl compounds which are not easily removed. 


X-CH,-OH + PhO-POCI, ——» X-CH,-POCI-OPh (1) 
(I) + tartan bttahtiats ——+ Ph:CH,-O-CO-NH:CH:CO,-CH,Ph 


HO-CH, X-CH,-PO(OPh)-O-CH, | 


| 
[X = C,,H,,"CO-O-CH,-CH-O-CO-C,,H,,] NH,°CH-CO,H 
X:CH,*PO(OH)-O-CH, 


In order to overcome these difficulties in the related syntheses of cephalin* and 
plasmalogen,® Malkin and his collaborators used silver 2-N-benzyloxycarbonylaminoethyl 
phenyl phosphate, which leads to high yields : 


X°CH,| + AgO-PO(OPh)-O-CH,°CH,°NH°CO,°CH,Ph —— X-CH,°O-PO(OPh)-CH,"CH,*NH-CO,-CH,Ph 
(X as above) —»> X:-CH,°0O-PO(OH)-CH,°CH,"NH, 
Cephalin 


This method has now been extended to the synthesis of phosphatidylserine. Glycerol 
l-iodide 2: 3-distearate was allowed to react with the N-benzyloxycarbonyl-pi-serine 
benzyl ester 3-(silver phenyl phosphate) (A) in boiling xylene in the dark, and the protecting 
groups were then removed by catalytic hydrogenolysis. The yield based on diacyl iodide 
was 62%; Baer and Maurukas obtained 23%, based on diglyceride. 


(A) CHO CON EHCOOCH PA 
CH,-O-PO(OPh)-OAg 


So far we have prepared only pL-compounds by this method, but its adaptation to 
L-compounds is under investigation. 


' Folch, J. Biol. Chem., 1941, 189, 973; 1942, 146, 35; 1948, 174, 439. 
* Baer and Maurukas, ibid., 1954, 212, 25. 
3 Cf. Howe and Malkin, J., 1951, 2663. 


* Baylis, Bevan, and Malkin, Report on Biochemical Problems of Lipids, Ghent (Butterworths, 
London, 1955), p. 91. 


* Malkin, Baylis, Bevan, and Webley, Olii, Grassi, Colori, 1956, 38, 226. 
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Serine 3-(dihydrogen phosphate) has been prepared by Levene and Schormiiller ® by 
the action of phosphoric acid and phosphorus on serine and of phosphorus oxychloride on 
benzylideneserine, and Plimmer ” used the former method under pressure. Ethanolamine 
phosphate (2-aminoethyl dihydrogen phosphate) has been prepared by Outhouse,® Plimmer 
and Burch,® Christensen,!® and Cherbuliez and Weniger," but all their methods give poor 
yields or impure products; we have prepared both phosphates in high yield by the action 
of diphenyl phosphorochloridate on pL-N-benzyloxycarbonylserine benzyl ester and 
N-benzyloxycarbonylethanolamine, respectively, followed by catalytic hydrogenolysis of 
the protecting groups in acetic acid, with equal amounts of palladium black and Adams 
catalyst. 

After the work on ethanolamine phosphate was completed, Baer and Stancer }* reported 
an identical synthesis except that the hydrogenolysis was carried out in two stages. The 
first was carried out in alcohol, with palladium, and the reaction was then completed by 
further reduction in acetic acid with Adams catalyst. We had noted that ethanolamine 
0-(phenyl hydrogen phosphate) separated almost completely from solution in alcohol with 
either catalyst and this is the cause of the incomplete hydrogenolysis reported by Baer 
and Stancer. 


EXPERIMENTAL 


N-Benzyloxycarbonyl-DL-serine Benzyl Ester.—A mixture of N-benzyloxycarbonyl-DL-serine ? 
(4-8 g.), dry benzyl alcohol (25 c.c.), and toluene-p-sulphonic acid (0-3 g.) was disilled under 
reduced pressure (water-pump) from a bath at +130°. After the bulk of the benzyl alcohol had 
distilled off, a further 25 c.c. of benzyl alcohol were added and distilled off in the same manner. 
The residue was treated in ether (50 c.c.) with saturated sodium hydrogen carbonate solution 
(50 c.c.), washed with water (2 x 50 c.c.), and dried. Removal of ether and crystallisation 
from 5: 2 carbon tetrachloride-light petroleum (b. p. 40—60°) gave pure benzyl ester (4-5 g., 
68%), m. p. 72-5°. Baer and Maurukas ? used benzyl bromide which our method avoids. 

N-Benzyloxycarbonyl-Di-serine Benzyl Ester 3-(Potassium Phenyl Phosphate) —To a mixture 
of phenyl phosphorodichloridate (4-3 g., 0-02 mole) and quinoline (2-6 g., 0-02 mole) in dry 
chloroform (15 c.c.), was added N-benzyloxycarbonyl-pi-serine benzyl] ester (6-6 g., 0-02 mole) 
in dry chloroform (40 c.c.), with ice-cooling and stirring, during 3 hr. After a further } hour’s 
stirring at 0°, and 2 hours’ at room temperature, pyridine (2 c.c.) and water (1 c.c.) 
were added, and stirring was continued for } hr. The solvent was then removed under reduced 
pressure at <40°, and the residue taken up in water (l5c.c.). Addition of potassium carbonate 
(4-2 g., 3 equivs.) precipitated the potassium salt of the phosphate, and after extraction of the 
suspension with ether (3 x 25 c.c.) to remove quinoline and impurities, the salt was filtered off. 
A further small amount was obtained from the filtrate on slight evaporation and storage. The 
white micro-crystalline powder, crystallised from ethanol, had-m. p. 184-5° (7-3 g., 70%) (Found : 
C, 55-4; H, 4-55; N, 2-6; P, 5-9. C,,H,,0,NPK requires C, 55-1; H, 4-4; N, 2-7; P, 5-9%). 

The Silver Salt of N-Benzyloxycarbonyl-pi-serine Benzyl Ester 3-(Silver Phenyl Phosphate) .— 
The above potassium salt (1-2 g.) was dissolved in hot water (5 c.c.), and to the cooled solution 
was added silver nitrate (0-5 g.) in the minimum amount of water. A viscous product separated, 
and after decantation of the aqueous layer, was triturated with a little water which was then 
decanted, and the process repeated. The viscous salt, on drying over P,O; in vacuo, 
became a glass which ground to a white powder (1:3 g., 95-7%) (Found: Ag, 17-9. 
C,,H,,0,NPAg requires Ag, 18-2%). This material softened at 40° and gave a meniscus at 95°. 

The preparation was carried out with the minimum exposure of the product to light. 

O-(1 : 2-Distearylphosphatidyl)serine.—To the above silver salt (0-9 g.) in boiling dry xylene 
(15 c.c.) was added glycerol l-iodide 2 : 3-distearate (0-9 g.), and the mixture was refluxed and 
stirred in the dark for 15 min. with exclusion of moisture. After cooling, silver salts were 


® Levene and Schormiiller, /. Biol. Chem., 1934, 105, 547; 106, 595. 
7 Plimmer, Biochem. J]., 1941, 35, 461. 

* Outhouse, ibid., 1936, 30, 199: 1937, 31, 1547. 

® Plimmer and Burch, ibid., 1937, 31, 398. 

1° Christensen, J. Biol. Chem., 1940, 135, 399. 

1! Cherbuliez and Weniger, Helv. Chim. Acta, 1946, 29, 2006. 

1 Baer and Stancer, Canad. J. Chem. 1956, 34, 436. 
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removed by filtration with Filter Cel and the filtrate was evaporated to dryness under reduced 
pressure at <40°. The residue was dissolved in ether and washed twice with sodium hydrogen 
carbonate solution, then with water, dried, and evaporated to dryness, to yield 1-2 g. of solid 
material. This was hydrogenated in acetic acid (50 c.c.) at atmospheric pressure and 40°, in 
the presence of 1 : 1 platinum dioxide—palladium (2 g.), the palladium having been washed free 
from alkali as previously described.1* When hydrogen ceased to be taken up, excess of hydrogen 
was removed by evacuation, chloroform added to dissolve precipitated organic material, and 
the catalyst removed by filtration with Filter Cel. The filtrate was evaporated to dryness 
under reduced pressure and the residue extracted with boiling ether (3 x 25 c.c.), the product 
being separated each time in a centrifuge. This product was dissolved in warm chloroform, and 
the solution was filtered (with Filter Cel) and evaporated to dryness under reduced pressure at 
<40°. The white serine derivative (0-6 g., 61-8% calc. on iodide distearate) melted at 162° 
(decomp. after slight sintering at 157°) (Found: C, 63-4; H, 10-5; N, 1-9; P, 3-7. Calc. for 
Cy,H,,0,oNP : C, 63-7; H, 10-4; N, 1-77; P, 3-9%). 

The ethereal extracts deposited small amounts of 1 : 3-distearin. 

DL-Serine 3-(Dihydrogen Phosphate).—N-Benzyloxycarbonyl-DL-serine benzyl ester (1-65 g.) 
was added slowly with shaking to diphenyl phosphorochloridate (1-47 g., 10% excess) in dry 
pyridine (7 c.c.). It is important to avoid rise in temperature at this stage. Next morning a 
few drops of water were added to decompose excess of phosphorochloridate, and after an hour, 
the product was poured into water, and the precipitated viscous oil was extracted with ether. 
The ethereal solution was washed with dilute sulphuric acid, 5% sodium hydrogen carbonate 
solution, and water, dried (Na,SO,), and evaporated to dryness under reduced pressure at 40°. 
The resulting viscous phosphate weighed 2-52 g. (90%) (Found: C, 64:0; H, 5-2; N, 2-9; P, 5-4. 
C,9H,,0,NP requires C, 64-2; H, 5-0; N, 2:5; P, 5-5%). 

Hydrogenolysis. The oil (2-4 g.) was hydrogenated in acetic acid (30 c.c.) with the platinum 
oxide—palladium (2 g.) described above. After 700 c.c. of hydrogen had been absorbed, uptake 
of hydrogen became very slow, and water (30 c.c.) was added to dissolve crystalline material 
which had separated. Hydrogenation recommenced and ceased after a further 400 c.c. had 
been absorbed (theor. 958 c.c.). The catalyst was removed and the filtrate was evaporated to 
dryness under reduced pressure at <40°. The resultant white solid was difficult to crystallise 
and this was best effected by dissolving it in the minimum amount of water and adding ethanol 
dropwise. The yield was 0-64 g. (80%) and the m. p. 164—165° (Found: C, 19-6; H, 4:4; N, 
7-6; P, 16-5. Calc. for CSH,O,NP: C, 19-5; H, 4-3; N, 7-6; P, 16-8%). The crystalline 
material which separated during the first stage of the above hydrogenolysis was the monophenyl 
ester. In one experiment, the mixture was filtered before the addition of water, and a yield of 
70% of this intermediate was obtained by extracting the precipitate with water, and evaporat- 
ing the aqueous solution to dryness under reduced pressure at <40°. p1i-Serine 3-(phenyl 
hydrogen phosphate) forms white crystals, m. p. 167—168°, when dissolved in the minimum 
amount of water and treated with ethanol dropwise (Found: C, 40-8; H, 4-6; N, 5-5; P, 11-7. 
C,H,,0,NP requires C, 41-4; H, 4-6; N, 5-6; P, 11-9%). The low carbon content is probably 
due to the presence of a trace of dihydrogen phosphate (C, 19-5%). 

Ethanolamine Phosphate (2-Aminoethyl Dihydrogen Phosphate).—Finely powdered N-benzyl- 
oxycarbonylethanolamine * (3 g.) was added in small portions to diphenyl phosphorochloridate 
(4-5 g., 10% excess) in dry pyridine (15 c.c.) with shaking and cooling to avoid local temperature 
rise. After being kept overnight, the product was worked up as for serine phosphate, yielding 
6-3 g. (96%) of viscous oil (Found: C, 61-6; H, 5-2; N, 3-6; P, 7-0. Calc. for C,,H,,O,NP : 
C, 61-8; H, 5-4; N, 3-3; P, 7-3%). 

Hydrogenolysis. This oil (5 g.) was hydrogenated in acetic acid (30 c.c.) at atmo- 
spheric pressure with the above catalyst (2-5 g.), used in portions of 1 g., 1 g., and 0-5 g. 
added at intervals, as the absorption of hydrogen tended to slacken. After 8 hr., 3 1. had been 
absorbed and the mixture was filtered. Precipitated ethanolamine phosphate was extracted 
from the catalyst with water, and the acid filtrate and the aqueous extract were combined and 
evaporated to dryness under reduced pressure at 40°. The residue crystallised on dissolution 
in a small amount of water and precipitation by ethanol (yield 1-5 g.; m. p. 242-3°) (Found : C, 
16-7; H, 5-5; N, 9-7; P, 21-7. Calc. for C,H,O,NP: C, 17-0; H, 5:7; N, 9-9; P, 22-0%). 

Hydrogenolysis in ethanol gave a crystalline precipitate and absorption of hydrogen ceased 


'S Brown, Malkin, and Maliphant, J., 1955, 1584. 
' Rose, J. Amer. Chem. Soc., 1947, 69, 1384. 
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after about 2hr. The precipitate was filtered off and extracted from the catalyst with water. 
After evaporation to small bulk under reduced pressure, it crystallised on addition of ethanol. 
It melts at 252—254° and is ethanolamine O-(phenyl hydrogen phosphate) (Found: C, 43-8; 
H, 5-7; N, 6-2; P, 14-3. C,H,,0O,NP requires C, 44:2; H, 5-5; N, 6-5; P, 14-5%). 

Ethanolamine diphenyl phosphate is found in the alcoholic mother-liquor of the above 
experiment and has m. p. 132—133° [from alcohol-light petroleum (b. p. 40—60°). The 
p-mitrobenzoyl derivative melted at 113° (from ethanol) (Found: C, 56-9; H, 4:5; N, 
6-3. C,,H,,0,N,P requires C, 57-0; H, 4:3; N, 6-3%). 


Part of the work described in this paper was carried out by Bristol University under contract 
for the Food Investigation Organisation of the Department of Scientific and Industrial Research. 
One of us (J. M. T.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Allowance. 


THE UNIVERSITY, BRISTOL. [Received, March 1st, 1957.} 


603. The Search for Chemotherapeutic Amidines. Part XIV.* 
Congeners of 4 : 4'-Diamidinoazobenzene. 


By J. N. AsHLey and S. S. Bere. 


4 : 4’-Diamidino-azoxybenzene, -hydrazobenzene, and -diazo-N-methyl- 
aminobenzene have been prepared. Only the last diamidine is active 
against Trypanosoma congolense but it is less active than the demethyl 
analogue 4 : 4’-diamidinodiazoaminobenzene (‘‘ Berenil,’’ ‘‘ Babesin ’’). 





ALTHOUGH 4: 4’-diamidinodiphenylamine (Ia) and 4: 4’-diamidinoazobenzene (1b) were 
described by Ashley e¢ al.1 in 1942, ng other diamidines of type (I) (where X is a substituted 
or unsubstituted imino-group, or a chain of two or more nitrogen atoms, or a cyclic 
nitrogenous system) have been reported except 4 : 4’-diamidinodiazoaminobenzene? (Ic) 
which is active against Trypanosoma congolense and other species of trypanosome as well 
as against Babesia. During our investigations, extending over several years, we have 
examined the effect on trypanocidal activity of varying the linkage X within the types 
mentioned above. In the present paper we describe the diamidines (Id, e, and /). 


a) X = ‘NH: d) X = -N:N- 
SOC FER, OCF 
X = ‘N:N-NH- 
Hn” \_F ‘NH, ” (e) X = ‘NH-NH- 
(I) (f) X = -NIN-NMe- 


4 : 4'-Dicyanoazobenzene, first prepared } from the diamine by the Sandmeyer reaction, 
is better obtained by condensation of f-aminobenzonitrile with -nitrosobenzonitrile. 
Oxidation of #-aminobenzonitrile with Caro’s acid* by a method based on that for the 
oxidation of -nitroaniline * gave a mixture of #-nitrosobenzonitrile and 4: 4’-dicyano- 
azoxybenzene which were separated by taking advantage of the volatiiity of the nitroso- 
compound in steam. 

4: 4’'-Dicyanoazoxybenzene was readily converted into the diamidine by Pinner’s 
method and the hydrazino-analogue was obtained by catalytic reduction of 4: 4’-di- 
amidinoazobenzene dihydrochloride in aqueous solution. The azoxy- and the hydrazino- 
analogue, like the azo-compound, were inactive against T. congolense infections in mice. 

An attempt to convert #-nitrosobenzonitrile into the amidine gave an unidentified non- 
basic product. 


* Part XIII, J., 1957, 1668. 


1 Ashley, Barber, Ewins, Newbery, and Self, J., 1942, 103. 

2 Milne, Robson, and Lwebandiza, Vet. Rec., 1955, 67, 280; Jensch, Arzneimittel Forsch., 19565, 5, 
634; B.P. 728,457/1955. 
* Vallance, J. Soc. Chem. Ind., 1926, 45, 66. 
* McIntyre and Simpson, J., 1952, 2609. 
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The trypanocidal activity of Stilbamidine (4 : 4’-diamidinostilbene; I; X = -CH°CH-) ! 
against T. congolense is increased when the hydrogen atoms in the chain are replaced by 
methyl groups to give (I; X = -CMe:CMe:),° and, although 4: 4’-diamidinohydrazo- 
benzene is inactive, it was considered worth trying to make its dimethyl derivative 
(I; X =+*NMe-NMe:). The corresponding dinitrile was obtained by methylation of 
4 : 4’-dicyanohydrazobenzene, but could not be converted into the diamidine. The first 
attempt to prepare 4 : 4’-dicyano-NN’-dimethylhydrazobenzene started from #-cyano-N- 
methyl-N-nitrosoaniline ® which was obtained both by nitrosation of -cyano- 
N-methylaniline and by nitrosation (with concomitant loss of a methyl group) of 
p-cyanodimethylaniline using a modification of the method of Sachs and Steinert.® 
Reduction of this N-nitroso-compound gave N-f-cyanophenyl-N-methylhydrazine but 
attempts to oxidise this to 1: 4-di-f-cyanophenyl-1 : 4-dimethyltetrazen by yellow 
mercuric oxide in ether as used by Fischer’ for N-methyl-N-phenylhydrazine caused 
fission with formation of #-cyano-N-methylaniline. Oxidation with ferric chloride in 
hydrochloric acid at 35° decomposed the compound, whilst oxidation at 0—2° gave an 
unidentified product. -Cyanophenyl-N-methyl-N-nitrosoaniline did not condense with 
N-p-cyanophenyl-N-methylhydrazine, and these approaches to 4: 4’-dicyano-NN’-di- 
methylhydrazobenzene, which might have been obtained by loss of nitrogen from the 
linear tetrazen,* were abandoned. The #-cyanodimethylaniline required for these 
reactions was prepared from /-dimethylaminobenzaldoxime, and the /-cyano-N- 
methylaniline was obtained by two processes: (a) Bromination of N-methylacetanilide in 
acetic acid furnished the #-bromo-derivative. This reaction was briefly described by 
Chowdhury et al. without reference to the intermediate formation of a perbromo-derivative. 
The ~-bromo- was converted into the #-cyano-derivative by treatment with cuprous 
cyanide and pyridine, and subsequent removal of the acetyl group gave p-cyanomono- 
methylaniline. (b) N-Methyl-f-nitroacetanilide was catalytically reduced to the amine 
whence the Sandmeyer reaction with cuprous cyanide and subsequent hydrolysis 
gave p-cyanomonomethylaniline. Both 4: 4’-dicyanoazobenzene and 4 : 4’-dicyanoazoxy- 
benzene were readily reduced in presence of palladised charcoal to 4 : 4’-dicyanohydrazo- 
benzene and this furnished 4 : 4’-dicyano-N N’-dimethylhydrazobenzene when boiled with 
methyl toluene-f-sulphonate and potassium carbonate in anisole. An attempt to 
methylate the hydrazino-linkage with methyl-lithium and methy] sulphate !° gave a trace 
of the required dimethyl derivative and some 4: 4’-dicyanoazobenzene. Attempted 
conversion of 4 : 4’-dicyano-NN’-dimethylhydrazobenzene into the diamidine by Pinner’s 
method caused demethylation with formation of 4: 4’-diamidinoazobenzene and an 
unidentified base. 

4: 4’-Diamidinodiazo-N-methylaminobenzene was readily prepared by the condensation 
of -methylaminobenzamidine with #-amidinobenzenediazonium chloride. Although 
curative against T. congolense infection in mice, the presence of the methyl group in the 
nitrogen chain had a dystherapeutic effect and the chemotherapeutic ratio (LD59/CDs») 
was approximately a quarter of that of “‘ Berenil.” 


EXPERIMENTAL 


Oxidation of p-Aminobenzonitrile with Caro’s Acid.—Powdered potassium persulphate (500 g.) 
was added in one portion to concentrated sulphuric acid (558 c.c.) and after being stirred for 
1 hr. the mixture was added to ice (9 kg.) and adjusted to pH 5-0—5-5 with anhydrous potassium 
carbonate (ca. 1-5 kg.). The mixture was filtered, and the cold filtrate (ca. 9-6 1., containing 


° Wien, Brit. J. Pharmacol., 1946, 1, 65; Barber, Slack, and Woolman, /J., 1943, 99. 
® Sachs and Steinert, Ber., 1904, 37, 1740. 
? Fischer, Annalen, 1878, 190, 167. 
* Wieland and Fressel, ibid., 1912, 392, 133. 
* Chowdhury, Desai, and Hunter, ]. Indian Chem. Soc., 1933, 10, 637. 
, poe Wittig, ‘‘ Neuere Methoden der preparativen organischen Chemie,”’ 3rd Edn, Weinheim, 1949, Vol. 
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90—93 g. of persulphuric acid) was stirred at 20° whilst p-aminobenzonitrile (50 g.) dissolved in 
dioxan (200 c.c.) was added gradually. The mixture was stirred at room temperature for 20 hr., 
then the light brown solid was filtered off and steam-distilled. The distillate (ca. 121.) furnished 
p-nitrosobenzonttrile (25 g., 44-5%) which crystallised from ethanol in yellow prismatic needles, 
m. p. 136—137° (Found: C, 63-6; H, 3-3; N, 21-2. C,H,ON, requires C, 63-6; H, 3-0; N, 
21-2%). The non-volatile solid was crystallised from acetic acid and gave 4: 4’-dicyanoazoxy- 
benzene (19 g., 38%), brown needles, m. p. 229—-230° (sinters at 218°) (Found: C, 67-4; H, 3-4; 
N, 22-4. C,,H,ON, requires C, 67:7; H, 3-2; N, 22-6%). 

4: 4’-Dicyanoazobenzene.—-p-Nitrosobenzonitrile (2-64 g.) and p-aminobenzonitrile (2-38 g.) 
in acetic acid (100 c.c.) were refluxed for 1 hr. The product (2-8 g., 60%) separated from the 
solution in red needles, m. p. 268—270°, identical with a specimen prepared originally from the 
diamine.* 

4: 4’-Diamidinoazoxybenzene.—This was prepared by the general method described by 
Ashley et al.1 from the dinitrile (15 g.) in chloroform (400 c.c.)—ethanol (75 c.c.). The diamidine 
dihydrochloride (12-3 g.) separated from 2n-hydrochloric acid in brown needles, m. p. 282° 
(decomp.; sinters at 145°) (Found: N, 22-3; Cl, 19-0; H,O, 5-0. C,,H,,ON,,2HCI,H,O 
requires N, 22-5; Cl, 19-0; H,O, 4:8%). 

4: 4’-Diamidinohydrazobenzene.—4 : 4’-Diamidinoazobenzene dihydrochloride! (10 g.) in 
water (200 c.c.) was reduced with a slightly positive pressure of hydrogen in presence of 10% 
palladised charcoal (2 g.). Reduction was complete in 1-5 hr. (380 c.c.) and after removal of the 
catalyst the colourless solution was treated with sodium chloride (20 g.). The dihydrochloride 
(10 g., 100%) separated in cream prisms which were filtered off, washed with 90% ethanol, and 
dried over sulphuric acid in vacuo; they had m. p. 294—296° (decomp.) (Found : C, 47-3; H, 
5-8; Cl, 19-8; H,O, 4-95. C,H, N,,2HCI,H,O requires C, 46-8; H, 5-6; Cl, 19-8; H,O, 5-0%). 
A 4% aqueous solution was stable in air for 2 hr. 

Attempted Preparation of p-Nitrosobenzamidine.—A suspension of finely powdered p-nitroso- 
benzonitrile (5 g.) in chloroform (30 c.c.) and ethanol (5 c.c.) at 0—10° was saturated 
with hydrogen chloride and then kept at room temperature for 7 days. The crystalline solid 
(7 g.) was filtered off and added to saturated ethanolic ammonia (70 c.c.). The red suspension 
was kept at 55—60° for 6 hr. and, after being cooled, the yellow, non-basic substance was 
filtered off. It crystallised from acetic acid in yellow needles, m. p. 228—230° (decomp.) 
(Found: C, 61-5; H, 3-2; N, 16-7%). 

p-Cyano-N-methyl-N-nitrosoaniline.—p-Cyanodimethylaniline * (14-6 g.) in warm 4n- 
sulphuric acid (146 c.c.) was treated dropwise (below the surface of the solution) during 10 min. 
with sodium nitrite (14-6 g.) in water (40 c.c.). The mixture was shaken in a closed vessel until 
nearly all the solid had dissolved, and after being kept at 0° for 3 days the yellow nitroso- 
compound was filtered off. It crystallised from ethanol (75 c.c.) in yellow needles (6-4 g., 40%), 
m. p. 120—122°. Sachs and Steinert * give m. p. 125° (but no yield). A similar yield was 
obtained by nitrosation of p-cyano-N-methylaniline. 

N-p-Cyanophenyl-N-methylhydrazine.—Acetic acid (36 c.c.) was added during 30 min. to a 
stirred suspension of p-cyano-N-methyl-N-nitrosoaniline (16-1 g.) and zinc dust (100%; 24 g.) 
in water (120 c.c.). The oil which separated solidified after a further hour. The liquid was 
decanted and the solid was extracted with ether (3 x 200 c.c.). Extraction into 2N-hydro- 
chloric acid (3 x 100 c.c.) and basification at 0—5° gave the substituted hydrazine, which 
crystallised from isopropy] alcohol (60 c.c.) in cream needles (8-8 g., 60%), m. p. 71—72° (Found : 
C, 64-95; H, 6-2; N, 28-7. C,H,N; requires C, 65-3; H, 6-1; N, 28-6%). 

4: 4’-Dicyanohydrazobenzene.—4 : 4’-Dicyanoazoxybenzene (or 4 : 4’-dicyanoazobenzene) (25 
g.) in dioxan (250 c.c.) was catalytically reduced at just above 1 atm. in presence of 10% 
palladised charcoal (2-5 g.). Reduction was complete in 4-5 hr. at 40—50° and gave the product 
(4-0 g., 80%), yellow needles [from acetic acid (250 c.c.)], m. p. 201—202° (Found: N, 23-9. 
C,4H,9N, requires N, 24-0%). 

4: 4’-Dicyano-NN’-dimethylhydrazobenzene.—4 : 4’-Dicyanohydrazobenzene (11-7 g.), methyl 
toluene-p-sulphonate (29-2 g.), anhydrous potassium carbonate (20-7 g.), and dry anisole 
(300 c.c.) were refluxed together at 165—170° for 2-5 hr., then cooled. Chloroform (500 c.c.) 
removed the product which crystallised from ethanol (300 c.c.) in yellow needles (9-2 g., 70%), 
m. p. 197—198° (Found: C, 73-6; H, 5-6; N, 21-2. C,,H,,N, requires C, 73-3; H, 5-35; N, 
21-35%). 

Attempted Preparation of 4: 4’-Diamidino-NN’-dimethylhydrazobenzene.—A green solution of 





3092 The Search for Chemotherapeutic Amidines. Part XIV. 


the dinitrile (18 g.) in chloroform (180 c.c.) and ethanol (18 c.c.) at 0—10° was saturated with 
hydrogen chloride, becoming red. Crystallisation occurred after 36 hr. After being kept at 
room temperature for 7 days, the pale red solid (10-4 g.) was filtered off, added to saturated 
ethanolic ammonia (300 c.c.), and kept at 55—60° for 6 hr. This gave 4: 4’-diamidinoazo- 
benzene dihydrochloride (6-4 g.), m. p. >360° (Found: N, 24-0; Cl, 20-3. Calc. for 
Cy4H,,N,,2HCl,0-5H,O: N, 24-1; Cl, 20-4%). The filtrate from the di-imidoate stage was 
treated with ether (1 1.); the oil which separated soon solidified. When this was treated with 
ethanolic ammonia it furnished a brown hygroscopic solid and attempts to crystallise it gave 
only gums. 

p-Bromo-N-methylacetanilide.—N-Methylacetanilide (m. p. 100°; b. p. 112—116°/10 mm.) 
(149 g.) in acetic acid (700 c.c.) was stirred and treated with bromine (240 g.) in acetic acid 
(250 c.c.) during 2 hr. while illuminated with a tungsten lamp (the internal temperature during 
the bromination was 32—44°). After 5 hours’ stirring hydrogen bromide and excess of bromine 
were removed by a stream of nitrogen and a perbromide was filtered off. This had m. p. 140° 
(decomp.) (Found: Br, 66-0. C,H,,ONBr, requires Br, 66-2%). When this was ground with 
2n-sodium carbonate bromine was evolved and a yellow oil was formed which soon solidified. 
This (188 g.) crystallised from light petroleum (b. p. 60—80°) and afforded the bromo-derivative 
(156 g., 68%), white prisms, m. p. 97—98°. Wurster and Scheibe ™ give m. p. 99°. 

p-A mino-N-methylacetanilide —N-Methy]-p-nitroacetanilide 1* (65 g.) in methanol (5-6 1.) 
was catalytically reduced in presence of Adams catalyst (3-3 g.) to the amine (51-5 g., 93-5%), 
m. p. 63—65° (Morgan and Grist ° give m. p. 59—60°), which was used without further 
purification. 

p-Cyano-N-methylacetanilide.—(a) p-Bromo-N-methylacetanilide (114 g.) was added to the 
stirred complex prepared by addition of cuprous cyanide (67-1 g.) to dry pyridine (40 c.c.) at 
120°. When the bath temperature was then raised to 220—230° a mildly exothermic reaction 
occurred and the internal temperature remained steady around 200° for a further 2 hr. The 
mixture was then distilled; most of the product distilled at 220—240°/35 mm. The distillate 
was added to ice-water, and the crude product (65 g.) was filtered off, dried, and crystallised 
from isopropyl alcohol (150 c.c.) to give p-cyano-N-methylacetanilide (44 g., 60-5%), white 
needles, m. p. 144—145° (Found: C, 69-2; H, 6-1; N, 16-1. C,9H,,ON, requires C, 69-0; H, 
5-75; N, 16-1%). 

(b) A stirred suspension of -amino-N-methylacetanilide (133 g.) in concentrated 
hydrochloric acid (192-5 c.c.) and water (770 c.c.) was diazotised, at 0O—10°, with sodium nitrite 
(58 g.) in water (190 c.c.). The red solution was stirred for a further 0-5 hr. and, after being 
neutralised (litmus) with sodium carbonate, it was added during 0-5 hr. to a stirred solution of 
cuprous cyanide (95 g.) and potassium cyanide (200 g.) in water (385 c.c.) at 5—15° in presence 
of chloroform (11.). After 1 hr. the mixture was kept at 50° for 0-5 hr., then the chloroform 
layer furnished the anilide (92 g., 65%) identical with the product prepared by method (a). 

p-Cyano-N-methylaniline.—Concentrated hydrochloric acid (136 c.c.) was added to p-cyano- 
N-methylacetanilide (34-8 g.) partly dissolved in hot water (136 c.c.). The mixture was heated 
at 95° for 5 min., cooled to 10°, and basified (pH 9) at 10—15° with 50% aqueous sodium hydr- 
oxide. The amine crystallised from water (charcoal) in prismatic needles (14-2 g., 54%), m. p. 
89—91° (Sachs and Steinert * give m. p. 85—86°) (Found: C, 72-6; H, 6-2; N, 20-9. Calc. for 
C,H,N,: C, 72-7; H, 6-1; N, 21-2%). 

p-Methylaminobenzamidine.—This was prepared by the imidoate method from the nitrile 
(40 g.) in dry chloroform (400 c.c.) and ethanol (40 c.c.). The monohydrochloride crystallised in 
prisms, m. p. 193—195°, from ethanol—acetone (Found: N, 22-4; Cl, 19-2. C,H,,N;,HCl 
requires N, 22-6; Cl, 19-1%). 

4 : 4’-Diamidinodiazo-N-methylaminobenzene.—A stirred suspension of p-aminobenzamidine 
monohydrochloride (7-25 g.) in water (30 c.c.) and concentrated hydrochloric acid (5 c.c.) was 
treated at 0—5° with sodium nitrite (2-5 g.) in water (25 c.c.). To the diazonium solution was 
added, in one portion, at 5—15°, p-methylaminobenzamidine monohydrochloride (7-0 g.) in 
water (100 c.c.), and the deep red solution was then treated with saturated aqueous sodium 
acetate (42-5c.c.) After being stirred at 5—15° for 1 hr. the yellow solid was filtered off, washed 
with brine, and dried. It was crystallised by dissolution in hot methanol (350 c.c.), filtration, 
and addition of acetone (600 c.c.) to the hot filtrate. The dihydrochloride (9 g., 59%) was 


11 Wurster and Scheibe, Ber., 1879, 12, 1818. 
18 Morgan and Grist, J., 1918, 688. 
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deposited as yellow granules, decomp. 249—250° (Found: N, 24:3; Cl, 17-4; H,O, 9-0. 
C,;H,,N;,2HCI,2H,O requires N, 24-25; Cl, 17-6; H,O, 8-9%). 


Thanks are offered to Dr. H. J. Barber for his interest, Mrs. R. Stone and Mr. K. N. Brown 
for the biological tests, Mr. S. Bance for the semimicroanalyses, and the Directors of 
May & Baker Ltd. for permission to publish this work. 
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604. The Chemistry of the “ Insoluble Red” Woods. Part VIII.* 
The Synthesis of Analogous Anhydro-7-hydroxybenzopyranols and a 
Note on the Oxidation of Deoxybenzoins. 


By A. MEE, ALEXANDER ROBERTSON, and W. B. WHALLEY. 


The synthesis of several anhydro-7-hydroxybenzopyranols with structures 
comparable to the provisional formulz proposed in Part VI } for santalin and 
santarubin is described. The close similarity between the properties of the 
synthetic and the natural bases affords collateral evidence in support of the 
suggested structures. , 

The oxidation of deoxybenzoins with potassium permanganate or lead 
tetra-acetate generally yields the corresponding benzils, and not the benzoins 
as previously reported.” 


In Part VI! it was suggested that the complex “ insoluble red ’’ wood pigments santalin 
and santarubin could be provisionally represented by the general anhydro-pyranol 
structure (I). In view of the scarcity of analytical evidence due to the intractable nature 
of the pigments the present synthesis of anhydro-pyranols substituted with phenyl groups 
in both the 2- and the 3-position was carried out for purposes of comparison. Accordingly 
the condensation of various deoxybenzoins with o-hydroxybenzaldehydes, particularly 
2 : 4-dihydroxy-5-methoxybenzaldehyde, under the usual conditions has given a number 
of anhydro-pyranols of type (I) which have been characterised by conversion into the 
corresponding flavylium salts. The methoxylated synthetical compounds show a marked 
resemblance to the natural bases, santalin and santarubin, and their derivatives. Thus 
both groups show some tendency to persist in the amorphous form and can only be 
crystallised with difficulty when they then show the same tenacious retention of solvent 





wT 
(I) (II) 


of crystallisation. Further, the methyl ethers of santalin and santarubin could not be 
crystallised from benzene-light petroleum in the absence of a little methanol; the 
synthetic anhydro-bases behave in the same manner. 

The infrared absorption spectra of the ethers of santalin and santarubin show (a) that 
these ethers have a very close structural similarity with each other and with the synthetic 
compounds and (bd) that the ethers of santarubin obtained in various ways (Part VI) are 
identical. Moreover, the spectra of the natural compounds disclose no new structural or 


* Part VII, J., 1957, 542. 

1 Robertson and Whalley, J., 1954, 2794. 

? Robertson, Suckling, and Whalley, /J., 1949, 1571. 

* Badcock, Cavill, Robertson, and Whalley, /., 1950, 2961. 
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functional features in santalin or santarubin although the complexity of the finger-print 
regions of the spectra suggests the presence of at least two, and possibly three, substituted 
phenyl residues as originally proposed.! The infrared absorption spectra of both the 
natural and the synthetic methoxylated anhydro-bases show extremely weak carbonyl 
absorption (in Nujol) in the region 1634—1645 cm.-! («8 : «’8’-diunsaturated cyclohexadi- 
enone) as follows : tri-O-methylsantarubin, 1639; tetra-O-methylsantalin, 1639; anhydro- 
7-hydroxy-3-(3 : 4-dimethoxypheny])-6-methoxy -2-(2 : 4 : 6-trimethoxypheny])benzopyr- 
anol, 1645; anhydro-7-hydroxy-2-(2 : 4-dimethoxypheny]l)-3-(3 : 4-dimethoxyphenyl)-6- 
methoxybenzopyranol, 1637; and anhydro-7-hydroxy-2-(4-diphenylyl)-3-(3 : 4-dimethoxy- 
phenyl)-6-methoxybenzopyranol, 1634 cm.-'. On the other hand anhydro-bases devoid 
of methoxyl groups exhibit strong absorption in this region, independently of whether the 
phenyl substituents are in the 2: 4- or 2: 3-positions, e.g., anhydro-2-(4-diphenylyl)-7- 
hydroxy-3-phenylbenzopyranol, 1642; anhydro-8-ethyl-7-hydroxy-2 : 4-diphenylbenzo- 
pyranol, 1641; and anhydro-6-ethyl-7-hydroxy-2 : 4-diphenylbenzopyranol, 1639 cm."!. 
The weak carbonyl absorption of the methoxylated anhydro-bases may be ascribed to the 
tendency of these compounds to exist in the zwitterion forms (II). In confirmation of our 
conclusion that tetra-O-methylsantalin! is obtained as a stable hydrate the infrared 
absorption spectrum of this compound shows hydroxyl group absorption at 3497 cm.}, 
whilst tri-O-methylsantarubin,' which is devoid of solvent, does not exhibit absorption in 
this region. 

On hydrolytic fission the synthetic bases give rise to the requisite o-hydroxybenz- 
aldehydes in agreement with the absence of a substituent in the 4-position of the pyranol 
ring. This behaviour is strictly analogous to that of the natural pigments and supports 
the formulations of Part VI.? 

Furthermore, unpublished work from this laboratory indicates that anhydro-7-hydroxy- 
2-phenylbenzopyranols which lack substituents in the 3-, 4-, and 5-positions are very 
unstable. The stability of tri-O-methylsantarubin and tetra-O-methylsantalin which we 
have shown to be devoid of substituents in the 4- and 5-positions indicates the presence of 
a substituent (phenyl) in the 3-position as required by our tentative formule for the 
pigments. ° 

Oxidation of Deoxybenzoins.—In earlier work on the oxidation of selected methoxylated 
deoxybenzoins with potassium permanganate and lead tetra-acetate,)? it was concluded 
that the products were benzoins, because, inter alia, (a) with lead tetra-acetate 
deoxybenzoin is oxidised almost quantitatively to benzoin 4 (this has been substantiated), 
(6) with methoxylated deoxybenzoins each oxidising agent gave the same product, (c) with 
lead tetra-acetate flavanols are obtained from flavanones,® and (d) with the same reagent 
reactive methylene groups usually undergo monoacetoxylation.* The corresponding 
benzil structure for the oxidation products of the methoxylated deoxybenzoins was not 
entirely excluded ? but attempts to prepare methoxylated benzils by unequivocal methods, 
e.g., oxidation of methoxylated deoxybenzoins with selenium dioxide, a procedure 
applicable to simple deoxybenzoins,’ has given negative results (unpublished work by one 
of us, W. B. W.). However, a comparative examination of the infrared absorption spectra 
(a technique not available to us at the time of our earlier communications) of these oxid- 
ation products together with a number of authentic benzoins and benzils, clearly shows the 
absence of hydroxyl groups in our oxidation products from deoxybenzoins and their 
presence in authentic benzoins. This result in conjunction with the oxidation of benzoin 
and anisoin to benzil and anisil respectively clearly defines the oxidation products described 
in Parts III and IV * as benzils, in agreement with the fact that these products have now 
been found to yield quinoxaline derivatives by more drastic methods than those originally 


* Cavill, Robertson, and Whalley, J., 1949, 1567. 

* Cavill, Dean, McGookin, Marshall, and Robertson, J., 1954, 4573. 
* Dimroth and Schweitzer, Ber., 1923, 56, 1375. 

7 Riley, Morley, and Friend, J., 1932, 1875. 
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employed.2* This rationalises our failure to prepare aryl esters of the products or to 
effect their further oxidation with chromic oxide. Further confirmation of the benzil 
structure has been provided by the production of 2 : 4: 2’ : 4’-tetramethoxybenzil by the 
oxidation of (a) 2:4: 2’: 4’-tetramethoxydeoxybenzoin with lead tetra-acetate, (b) the 
same deoxybenzoin with potassium permanganate, and (c) 2-hydroxy-4 : 2’ : 4’-trimethoxy- 
deoxybenzoin with potassium permanganate followed by methylation of the product. 
The identity of the 2 : 4: 2’ : 4’-tetramethoxybenzil from these three sources was confirmed 
by a comparison of the infrared absorption spectra, whilst the structure of the authentic 
specimen of 2 : 4: 2’ : 4’-tetramethoxybenzil § has been unequivocally established.® 

It is of interest that the majority of the benzils described in this paper and in Parts 
III * and IV are colourless. 


EXPERIMENTAL 


Anhydro-2-(4-diphenylyl)-7-hydroxy-3-phenylbenzopyranol.—A solution of 4-phenyldeoxy- 
benzoin (1-3 g.) and 8-resorcylaldehyde (0-7 g.) in ethyl acetate (50 ml.) was saturated at 0° with 
hydrogen chloride and next day the crystalline precipitate was purified from acetic acid 
containing 1% of hydrochloric acid to give 7-hydroxy-3 : 4’-diphenylflavylium chloride (0-3 g.) in 
dark red prisms or orange plates, m. p. 309—-310° (decomp.) after darkening from 170° (Found : 
C, 78-7; H, 5-1; Ci, 8-5. C,,H,,0,Cl requires C, 79-0; H, 4:7; Cl, 86%). Addition of ether 
(300 ml.) to the ethyl acetate mother-liquors left after the isolation of this salt gave an amorphous 
precipitate (1 g.) which, on purification by chromatography from chloroform on neutralised 
aluminium oxide, followed by elution with the same solvent, furnished anhydro-2-(4-diphenylyl)- 
7-hydroxy-3-phenylbenzopyranol (0-3 g.) which separated from benzene or benzene-light 
petroleum (b. p. 60—80°), containing a trace of methanol, in red plates or needles, m. p. 210° 
(decomp.), insoluble in 2N-aqueous-sodium hydroxide (Found: C, 84-1, 84:3; H, 5-0, 5-1. 
C,,H,,0,,0-5H,O requires C, 84-6; H, 5-0%). 

Prepared by the addition of excess of perchloric acid to a solution of the above anhydro-base 
in acetic acid or by the condensation of 4-phenyldeoxybenzoin (1-3 g.) and §-resorcylaldehyde 
(0-7 g.) in ethyl acetate (50 ml.), containing 70% aqueous perchloric acid (2 ml.), with excess of 
hydrogen chloride at 0° during 24 hr., 7-hydroxy-3 : 4’-diphenylflavylium perchlorate separated 
from acetic acid, containing 1% of perchloric acid, in red needles, m. p. 265° (decomp.) (Found : 
C, 66-9, 67-0, 67-2; H, 4-3, 4-2, 4:3; Cl, 6-7, 6-8. C,,H,,0,C1,0-5H,O requires C, 67-1; H, 4-1; 
Cl, 7-°3%). With picric acid a solution of the anhydro-base in benzene gave 7-hydroxy-3 : 4’-di- 
phenylflavylium picrate, forming yellow-brown needles, m. p. 220° (decomp.) (Found: C, 65-2, 
65-6; H, 3-4, 3-6; N, 7-1. C33H,,O,N; requires C, 65-3; H, 3-5; N, 7-0%). The ferrichloride 
separated from acetic acid containing hydroferrichloric acid in red needles, m. p. 218—221° 
(decomp.) (Found: C, 54-9; H, 3-8; Cl, 25-1; Fe, 10-0. C,,H,,0,Cl,Fe,H,O requires C, 54-8; 
H, 3-6; Cl, 24:0; Fe, 9-5%). 

Methylation of anhydro-2-(4-diphenylyl)-7-hydroxy-3-phenylbenzopyranol (1 g.) in boiling 
benzene (50 ml.), containing potassium carbonate (10 g.) and excess of methyl sulphate, for 
6 hr. gave rise to 2-(4-diphenylyl)-7-methoxy-3-phenylbenzopyranol (1 g.) which could not be 
satisfactorily crystallised but which separated from benzene as a colourless semi-crystalline 
solid with an indefinite m. p. (Found: C, 82-5; H, 5-4; OMe, 5-2. C,,H,,0O,*OMe requires C, 
82-7; H, 5-4; OMe, 7-6%). The perchlorate from this base crystallised from acetic acid contain- 
ing 1% perchloric acid in red needles, m. p. 235° (decomp.) (Found: C, 68-6; H, 4-2; Cl, 6-8. 
C.,H,,0,Cl requires C, 68-8; H, 4-3; Cl, 7-2%). The chloride, picrate, and ferrichloride did 
not crystallise. 

Anhydro-2-(2 : 4-dimethoxyphenyl)-3-(3 : 4-dimethoxyphenyl) -7-hydroxybenzopyranol.—Inter- 
action of 2: 4: 3’: 4’-tetramethoxydeoxybenzoin (1-6 g.) with B-resorcylaldehyde (0-7 g.) in 
ethyl acetate (50 ml.) saturated with hydrogen chloride at 0° for 24 hr. gave a clear solution which 
on dilution with ether (300 ml.) deposited an amorphous red solid (2 g.)._ A solution of this in 
chloroform (600 ml.) was chromatographed on neutralised aluminium oxide and eluted with 
chloroform (100 ml.), giving a red base which did not crystallise and failed to yield a crystalline 


8 Schrauffstatter, Chem. Ber., 1948, 81, 240. 
* Whalley, J., 1956, 3213. 
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chloride or perchlorate. Prepared in benzene, the picrate formed crimson prisms, m. p. 194— 
196° (decomp.), which appeared to contain benzene of crystallisation [Found : C, 61-2, 61-3; H, 
4-2, 4-1; N, 6-0, 5-9; OMe, 16-6, 17-3. Calc. for C,,H,,0,N;(OMe),: C, 57-5; H, 3-9; N, 6-5; 
OMe, 19-1. C,,H,;0,N;(OMe),,C,H, requires C, 61-2; H, 4:3; N, 5-8; OMe, 17-1%]. 
Regenerated from the crystalline picrate by chromatography on aluminium oxide, the anhydro- 
base was amorphous and, with much difficulty, was converted into crystalline 3-(3 : 4-dimethoxy- 
phenyl)-7-hydroxy-2’ : 4’-dimethoxyflavylium perchlorate, red prisms, m. p. 118—120° (decomp.) 
(from acetic acid) [Found: C, 52-4, 52-5; H, 5-1, 5-0; Cl, 5-9, 5-8; OMe, 22-0, 22-1. 
C,,H,,0,Cl(OMe),,3H,O requires C, 52-4; H, 5-1; Cl, 6-2; OMe, 21-7%]. The corresponding 
chloride separated from aqueous-alcoholic hydrochloric acid in red needles, m. p. 170—172° 
(decomp.) [Found : C, 65-7; H, 5-0; Cl, 7-3; OMe, 26-1. C,,;H,,0,Cl(OMe), requires C, 66-1; 
H, 5-1; Cl, 7-8; OMe, 27-3%]. The ferrichloride did not crystallise. 

Prepared from the anhydro-base by the standard method, 2-(2 : 4-dimethoxyphenyl)-3-(3 : 4- 
dimethoxyphenyl)-7-methoxybenzopyranol separated from benzene as a semicrystalline, colourless 
solid, m. p. 105—120° [Found: C, 69-5, 69-7; H, 6-0, 6-2; OMe, 35-0. C,,H,,0,(OMe), 
requires C, 69-3; H, 5-8; OMe, 34-4%]. The salts from this base did not crystallise. 

Anhydro-2-(2 : 4-dimethoxypheny]l) -7-hydroxy-3-p-methoxyphenylbenzopyranol was 
obtained as an amorphous red solid which gave a picrate, forming red prisms, m. p. 220—222° 
(decomp.), from a benzene solution of picric acid [Found : C, 58-2; H, 3-9; N, 7-0; OMe, 14-8. 
C,7H,4O,N;(OMe), requires C, 58-3; H, 3-7; N, 6-8; OMe, 15-1%]. Regenerated by chrom- 
atography of the picrate, the amorphous anhydro-base gave the chloride which separated from 
aqueous-alcoholic hydrochloric acid in red needles, m. p. 125—127° (decomp.) [Found : C, 62-8, 
62-7; H, 5-6, 5-4; Cl, 7-4; OMe, 19-5. C,,H,,0,Cl(OMe);,2H,O requires C, 62-6; H, 5-4; Cl, 
7:7; OMe, 20-2%]. The perchlorate and ferrichloride did not crystallise. 

Anhydro -2-(2 : 4-dimethoxyphenyl) -3-(3 : 4-dimethoxyphenyl) -7-hydroxy -6-methoxybenzo- 
pyranol_—(a) Interaction of 2:4: 3’: 4’-tetramethoxydeoxybenzoin (3-2 g.) and 2: 4-di- 
hydroxy-5-methoxybenzaldehyde (1-7 g.) in ethyl acetate (200 ml.) saturated with hydrogen 
chloride, followed by dilution with ether (500 ml.), gave a red precipitate (4 g.) which was 
chromatographed from chloroform on neutralised aluminium oxide. This purified anhydro- 
base (2-9 g.) separated from benzene—light petroleum (b. p. 60—80°) containing 1% of methanol, 
in orange-red needles, m. p. 193° [Found: C, 69-7; H, 5-4; OMe, 33-5. C,,H,O,(OMe); 
requires C, 69-6; H, 5-4; OMe, 34-6%]. 

(b) Condensation of 2: 4: 3’ : 4’-tetramethoxydeoxybenzoin (1 g.) and 2: 4: 5-trihydroxy- 
benzaldehyde (0-5 g.) in the usual manner followed by chromatography of the product gave a 
red gum. This was methylated by methyl sulphate—acetone—potassium carbonate, giv- 
ing anhydro-2-(2 : 4-dimethoxypheny]l)-3-(3 : 4-dimethoxypheny])-7-hydroxy-6-methoxybenzo- 
pyranol (0-1 g.), m. p. and mixed m. p. 193°, after purification by chromatography. Prepared 
from this, 2-(2 : 4-dimethoxyphenyl)-3-(3 : 4-dimethoxyphenyl)-7-hydroxy-6-methoxyflavylium 
chloride separated from alcoholic hydrochloric acid in red needles, m. p. 128° (decomp.) [Found : 
C, 59-9, 59-6; H, 5-6, 5-7; Cl, 6-6, 6-6; OMe, 28-9. C,,H, 90,Cl(OMe),;,2H,O requires C, 59-9; 
H, 5-6; Cl, 6-8; OMe, 29-7%], and the perchlorate from alcohol containing 1% of perchloric acid 
in crimson prisms, m. p. 165° (decomp.) [Found, for a specimen dried for 5 hr. at 100° over 
P,O,: C, 55-1, 55-0; H, 4-8, 4-8; Cl, 7-7, 7-5; OMe, 24-9. Found, for a specimen dried for 
12 hr. over CaCl, : C, 51-7, 51-5; H, 4-9, 5-3; Cl, 7-1, 7-1; OMe, 23-9. C,,H, 9O,Cl(OMe);,H,O 
requires C, 55-1; H, 4-8; Cl, 6-3; OMe, 27-4. C,,H,90,Cl(OMe),;,3H,O requires C, 51-8; H, 
5-2; Cl, 5-9; OMe, 25-7%]. The picrate formed deep red needles, m. p. 175—180° (decomp.), 
from methanol [Found : C, 56-5; H, 3-9; N, 6-4; OMe, 20-8. C,,H,.0O,N;,(OMe), requires C, 
56-7; H, 4:0; N, 6-2; OMe, 22-9%], and the ferrichloride from acetic acid, containing hydro- 
ferrichloric acid, red needles, m. p. 173—-175° (decomp.) [Found: C, 47-8; H, 4-1; Cl, 22-5; 
OMe, 18-1; Fe, 8-9. C,,H,,0,Cl,Fe(OMe), requires C, 48-2; H, 3-9; Cl, 21-9; OMe, 23-9; 
Fe, 8-6%]. 

Prepared from the foregoing pyranol with methyl] sulphate and alkali in the usual manner, 
2-(2 : 4-dimethoxyphenyl)-3-(3 : 4-dimethoxyphenyl)-6 : 7-dimethoxybenzopyranol separated from 
benzene as a colourless amorphous solid of indefinite m. p. [Found : C, 67-2; H, 5-9; OMe, 39-2. 
C.,H,,0,(OMe), requires C, 67-5; H, 5-9; OMe, 38-7%], which gave a perchlorate, forming 
crimson needles, m. p. 236—238° (decomp.), from acetic acid or methanol containing 
1% of perchloric acid [Found: C, 56-0, 56-1; H, 5-0, 5-0; Cl, 66; OMe, 29-7, 30-0. 
C,,H,O,;Cl(OMe),,H,O requires C, 55-8; H, 5-0; Cl, 6-1; OMe, 32-0%], and a picrate, red 
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plates, m. p. 206° (decomp.), from methanolic picric acid [Found: C, 56-9; H, 4:2; N, 6-1; 
OMe, 26-2. C,,H,,O,N;(OMe), requires C, 57-3; H, 4-2; N, 6-1; OMe, 26-99%]. The chloride 
and ferrichloride did not crystallise. 

A solution of anhydro-2-(2 : 4-dimethoxyphenyl)-3-(3 : 4-dimethoxyphenyl)-7-hydroxy-6- 
methoxybenzopyranol (1 g.) in acetone (100 ml.) was oxidised by the method employed for the 
corresponding derivatives of santalin and santarubin.1 The clarified mixture from three 
oxidations was extracted with ether and then with chloroform, and the ethereal extract washed 
with 2N-aqueous sodium hydrogen carbonate solution. Evaporation of the chloroform extract 
left unchanged anhydro-base (0-2 g.) whilst the ethereal solution gave 2: 4: 3’ : 4’-tetramethoxy- 
benzil forming pale yellow prisms (0-4 g.), m. p. 110°, after purification from alcohol followed by 
sublimation at 110°/0-001 mm. [Found : C, 65-5; H, 5-5; OMe, 37-6. C,,H,O,(OMe), requires 
C, 65-5; H, 5-5; OMe, 37-6%]. The quinoxaline separated from alcohol in pale yellow prisms, 
m. p. 152° [Found: C, 71-5; H, 5-5; N, 7-1; OMe, 30-7. Cy 9H, 9N,(OMe), requires C, 71-6; 
H, 5-5; N, 7-0; OMe, 30-8%]. The aqueous sodium hydrogen carbonate washings furnished 
veratric acid (25 mg.) and 2 : 4-dimethoxybenzoic acid (50 mg.). 

A solution of the anhydro-base (1 g.) in methanol (50 ml.) containing potassium hydroxide 
(15 g.) and water (10 ml.) was refluxed for 4 hr. in a stream of nitrogen. The combined 
hydrolysates from two experiments were cooled, and the alkali-insoluble product (1 g.) was 
collected, dried, and sublimed at 150°/0-001 mm., giving 2: 4: 3’ : 4’-tetramethoxydeoxybenzoin 
(0-2 g.), m. p. 101° [Found: C, 68-3; H, 6-5; OMe, 39-0. Calc. for C,;4H,O(OMe),: C, 68-3; 
H, 6-4; OMe, 39-2%]. Purification of the residue from the sublimation by chromatography 
of a chloroform solution on activated aluminium oxide followed by crystallisation from benzene— 
light petroleum (b. p. 60—80°), containing 1% of methanol, gave unchanged anhydro-base 
(40 mg.). 

The acidified hydrolysate was exhaustively extracted with ether, and the extract purified by 
pouring through a column of alumina. Evaporation of the eluate followed by crystallisation of 
the residue from benzene (charcoal) furnished 2 : 4-dihydroxy-5-methoxybenzaldehyde (0-2 g.), 
m. p. 150° (Found: C, 57-2; H, 5-0; OMe, 18-7. Calc. for C,H,O,-OMe: C, 57-1; H, 4:8; 
OMe, 18-5%). 

Anhydro-2-(4-diphenylyl) -7-hydroxy-6-methoxy -3-phenylbenzopyranol.—Prepared from 4- 
phenyldeoxybenzoin (1 g.) and 2: 4-dihydroxy-5-methoxybenzaldehyde (1 g.), the anhydro- 
base separated from benzene—methanol in crimson needles or prisms (0-6 g.), m. p. 135° (decomp.) 
[Found: C, 81-1, 81-2; H, 5-3, 5-2; OMe, 8-3. C,,H,;0O,(OMe),0-5H,O requires C, 81-3; H, 
5-1; OMe, 7-5%]. With hydrochloric acid this gave 7-hydroxy-6-methoxy-3 : 4’-diphenylflavyl- 
tum chloride which formed brown needles, m. p. 216° (decomp.) (Found: C, 72-5, 72-5; H, 5-4, 
5-3; Cl, 7-5, 7-7; OMe, 6-5. C,,H,,0,CleOMe,H,O requires C, 73-3; H, 5-1; Cl, 7-5; OMe, 
6-8%). The corresponding perchlorate separated from aqueous acetic acid in crimson prisms, 
m. p. 259—262° (decomp.) (Found: C, 65-2, 65-6; H, 4-0, 3-9; Cl, 7-3, 7-1; OMe, 5-9. 
C,,H,,0,Cl-OMe,0-5H,O requires C, 65-4; H, 4-2; Cl, 6-9; OMe, 6-0%), and the ferrichloride 
from acetic acid in red needles, m. p. 218° (decomp.) (Found: C, 52-6; H, 3-2; Cl, 26-5; OMe, 
4-6; Fe, 8-0. C,,H,,0,Cl,FeeOMe,HCl requires C, 52-6; H, 3-3; Cl, 27-7; OMe, 4-8; Fe, 
8-8%). 

Oxidation of the anhydro-base (1 g.) as described previously ! gave 4-phenylbenzil (50 mg.), 
m. p. 105° (Found: C, 84-2; H, 5-2. Calc. for C.9H,,0,: C, 83-9; H, 4-9%), together with 
benzoic acid as the only identifiable acid, whilst alkali degradation of the base (2 g.) gave 2: 4- 
dihydroxy-5-methoxybenzaldehyde (50 mg.) together with unchanged base (10 mg.) and 
4-phenyldeoxybenzoin (80 mg.), m. p. and mixed m. p. 148° (Found: C, 88-0; H, 5-6. Calc. 
for C.9H,,0: C, 88-2; H, 5-9%). 

Anhydro-3-(3 : 4-dimethoxyphenyl)-7-hydroxy-6-methoxy-2-({2 : 4 : 6-trimethoxyphenyl)benzo- 
pyvanol.—Prepared from 2: 4:6: 3’: 4’-pentamethoxydeoxybenzoin (3-5 g.) and 2: 4- 
dihydroxy-5-methoxybenzaldehyde (1-7 g.), the anhydro-base (3-2 g.) separated from benzene— 
methanol in orange prisms, m. p. 180° [Found: C, 65-8; H, 5-7; OMe, 37-6. C,,H,O,.(OMe),,H,O 
requires C, 65-3; H, 5-7; OMe, 37-6%], and gave the corresponding flavylium chloride which 
formed scarlet prisms, m. p. 175°, from aqueous-alcoholic hydrochloric acid [Found : C, 59-2, 
59-0; H, 5-3, 5-4; Cl, 6-7, 6-9; OMe, 33-0. C,,H,O,Cl(OMe),,2H,O requires C, 58-8; H, 5-6; 
Cl, 6-5; OMe, 33-8%]. The perchlorate separated from methanol containing 1% perchloric acid 
in red needles, m. p. 258—260° (decomp.) [Found: C, 53-0, 52-8; H, 4-8, 5-0; Cl, 6-2, 6-5; 
OMe, 29-5. C,,H,O,Cl(OMe),,2H,O requires C, 52-7; H, 5-0; Cl, 5-8; OMe, 30-3%], and the 
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picrate in maroon needles (from benzene-—picric acid), m. p. 205° [Found: C, 56-2; H, 4-0; N, 
5-9; OMe, 25-4. C,,H,,N,;0,(OMe), requires C, 56-0; H, 4:1; N, 5-9; OMe, 26-3%]. 

Oxidation of this anhydro-base (3 g.) gave unchanged base (0-1 g.), and 2: 4:6: 3’: 4’- 
pentamethoxybenzil which formed pale yellow prisms (0-2 g.), m. p. 175°, from benzene [Found : 
C, 63-1; H, 5-8; OMe, 42-4. C,,H,;O,(OMe), requires C, 63-3; H, 5-6; OMe, 43-0%], together 
with veratric acid (50 mg.) as the only identifiable acid. Distillation of the neutral fraction 
from the mother-liquors remaining after the separation of the benzil gave 1 : 3 : 5-trimethoxy- 
benzene (20 mg.), m. p. 52° [Found: C, 63-7; H, 6-6; OMe, 53-0. Calc. for C,H;(OMe);: 
C, 64-3; H, 7-2; OMe, 55-4%]. Alkali degradation of the anhydro-base (1 g.) gave unchanged 
base (0-1 g.), 2 : 4-dihydroxy-5-methoxybenzaldehyde (0-1 g.), m. p. and mixed m. p. 150°, and 
2: 4:6: 3’: 4’-pentamethoxydeoxybenzoin (0-1 g.), m. p. 110° [Found: C, 66-0; H, 6-5; 
OMe, 44-6. Calc. for C;4H,O(OMe),: C, 65-9; H, 6-4; OMe, 44-8%]. 

Anhydro-3-(3 : 4-dimethoxyphenyl)-2-(4-diphenylyl)- 7 - hydroxy -6-methoxybenzopyranol.—Pre- 
pared from 3’: 4’-dimethoxy-4-phenyldeoxybenzoin (2 g.) and 2: 4-dihydroxy-5-methoxy- 
benzaldehyde (1 g.), the anhydro-base (1-6 g.) formed crimson prisms, m. p. 159—160° [Found : 
C, 74-9, 75-1; H, 5-3, 5-4; OMe, 18-2. C,,H,;0,(OMe);,H,O requires C, 74-7; H, 5-4; OMe, 
19-3%]. The flavylium chloride separated from aqueous-alcoholic hydrochloric acid as a 
hydrate in deep red needles, m. p. 198° (decomp.) [Found: C, 69-0, 69-1; H, 5-2, 5-2; Cl, 6-8, 
6-6; OMe, 17-1. C,,H,,0,Cl(OMe);,H,O requires C, 69-4; H, 5-2; Cl, 6-8; OMe, 17-9%], the 
perchlorate as a dihydrate in crimson prisms, m. p. 274° (decomp.), from acetic acid [Found : C, 
59-5, 59-7; H, 4:3, 4-0; Cl, 6-0; OMe, 15-0. C,,H,,0,Cl(OMe);,2H,O requires C, 60-0; H, 4-8; 
Cl, 5-9; OMe, 15-5%], and the picrate from benzene-—picric acid in red prisms, m. p. 238° 
(decomp.) [Found : C, 62-0; H, 3-8; N, 6-2; OMe, 12-5. C,;H,,0,N;(OMe), requires C, 62-2; 
H, 3-9; N, 6-0; OMe, 13-4%]. Oxidation of this base (3 g.) gave 3’ : 4’-dimethoxy-4-phenyl- 
benzil (0-15 g.), m. p. 176° [Found: C, 76-5; H, 5-4; OMe, 18-5. C,)9H,,0,(OMe), requires 
C, 76-3; H, 5-2; OMe, 17-9%], together with diphenyl-4-carboxylic acid (50 mg.), m. p. 225°, 
and veratric acid (10 mg.), m. p. 170°. Hydrolytic degradation of the base (1 g.) furnished 
2 : 4-dihydroxy-5-methoxybenzaldehyde (50 mg.), m. p. 150°, together with 3’ : 4’-dimethoxy-4- 
phenyldeoxybenzoin (0-25 g.), m. p. 119° [Found: C, 79-8; H, 6-2; OMe, 18-3. Calc. for 
Cy9H,,O(OMe), : C, 79-5; H, 6-0; OMe, 18-7%], and unchanged base (0-2 g.). 

Oxidation of Deoxybenzoin.—A solution of deoxybenzoin (1 g.) in acetic acid (20 ml.), contain- 
ing lead tetra-acetate (2 g.), was kept at 120° until a test portion no longer gave a colour with 
moist starch—potassium iodide paper (ca. 1 hr.) and then diluted with water. On isolation with 
ether benzoin acetate (1-1 g.) separated from methanol in needles, m. p. and mixed m. p. 83° 
(Found: C, 76-1; H, 5-3. Calc. for C,,H,,0O,: C, 75-6; H, 56%). Hydrolysis of the acetate 
(0-5 g.) with 2N-sulphuric acid (5 ml.) in alcohol (10 ml.) for 2 hr. at the b. p. gave benzoin in 
needles, m. p. and mixed m. p. 130° after purification from alcohol. 

2 : 4-Dimethoxybenzil_—(a) A solution of potassium permanganate (2-5 g.) in water (50 ml.) 
was added during 30 min. to one of 2: 4-dimethoxydeoxybenzoin (1 g.) in acetone (75 ml.). 
Isolated in the usual manner, the neutral product was purified from alcohol, giving 2: 4-di- 
methoxybenzil (0-5 g.) in pale yellow prisms, m. p. 104°, identical with the product previously 
designated as 2 : 4-dimethoxybenzoin * [Found: C, 71:0; H, 5-2; OMe, 22-9. C,,H,O,{OMe),. 
requires C, 71-1; H, 5-2; OMe, 23-0%]. The quinoxaline, formed in boiling alcohol during 
30 min., separated from alcohol in yellow prisms, m. p. 124—125° [Fouud: C, 76-9; H, 5-4; 
N, 7:°9; OMe, 19-6. Cz9H,.N,(OMe), requires C, 77-2; H, 5-3; N, 8-2; OMe, 18-1%]. 

(b) A solution of potassium permanganate (2-5 g.) in water (50 ml.) was added in portions 
(10 ml.) during 3 hr. to 2-hydroxy-4-methoxydeoxybenzoin (1 g.) in acetone (75 ml.); on 
addition of the first portion the mixture was heated to the b. p. to initiate the oxidation which 
subsequently proceeded without heating. On isolation the non-acidic fraction was purified 
from alcohol, giving 2-hydroxy-4-methoxybenzil (0-4 g.) in yellow needles, m. p. 86°; this is 
readily soluble in 2N-aqueous sodium hydroxide, gives an intense red colour in alcohol with 
ferric chloride, and does not exhibit an absorption band in the free hydroxy] region of the infra- 
red spectrum either in chloroform solution or in Nujol mull (Found: C, 72-3; H, 4-8; OMe, 
12-3. C,,H,O,°OMe requires C, 70-3; H, 4:7; OMe, 121%). Methylation of this benzil by 
methyl sulphate—acetone—potassium carbonate gave 2: 4-dimethoxybenzil, m. p. and mixed 
m. p. 104°, identical with a product obtained by route (a). 

2:4: 6-Trimethoxybenzil.—The oxidation of 2 : 4 : 6-trimethoxydeoxybenzoin (1 g.) in boil- 
ing acetone (75 ml.) with a solution of potassium permanganate (2-5 g.) in water (50 ml.) 




















** Insoluble Red’’ Woods. Part VIII. 3099 


gradually added in 30 min., furnished 2: 4: 6-trimethoxybenzil (0-6 g.) which formed prisms, 
m. p. 135°, from alcohol [Found: C, 68-0; H, 5-1; OMe, 30-9. C,,H,O,(OMe), requires C, 
68-0; H, 5-4; OMe, 31-0%]. This compound is identical with the product * prepared by oxid- 
ation of 2: 4: 6-trimethoxydeoxybenzoin with lead tetra-acetate and designated as 2: 4: 6- 
trimethoxybenzoin. The quinoxaline separated from alcohol in prisms, m. p. 136° [Found: C, 
74-2; H, 5-4; N, 7-6; OMe, 24-6. CC, 9H,,N,(OMe), requires C, 74-2; H, 5-4; N, 7-5; OMe, 
25-0%]. A mixture of this and the parent benzil had m. p. ca. 116—121°. 

2:4: 3’: 4’-Tetramethoxybenzil.—Oxidation of 2 : 4: 3’ : 4’-tetramethoxydeoxybenzoin (1 g.) 
with potassium permanganate (2-5 g.) gave 2: 4: 3’: 4’-tetramethoxybenzil (0-4 g.), forming 
pale yellow prisms, (0-3 g.), m. p. and mixed m. p. 110°, after repeated purification from alcohol 
to remove unchanged deoxybenzoin, the last trace of which was difficult to remove [Found : C, 
65-7; H, 5-7; OMe, 37-9. Calc. for C,,H,O,(OMe),: C, 65-5; H, 5-5; OMe, 37-6%]. Badcock 
et al.® record m. p. 94° for the compound prepared by the oxidation of 2: 4: 3’: 4’-tetrameth- 
oxydeoxybenzoin with lead tetra-acetate; repetition of this process followed by prolonged 
purification of the product from aicohol gave 2: 4: 3’: 4’-tetramethoxybenzil identical with 
that prepared by the permanganate method. The benzil was characterised as the quinoxaline, 
m. p. and mixed m. p. 152°. 

2:4:6:3': 4’-Pentamethoxybenzil. —Prepared by the method of Badcock e¢ al.,3 the product 
designated 2: 4:6: 3’: 4’-tetramethoxybenzoin is 2: 4:6: 3’: 4’-tetramethoxybenzil which 
formed pale yellow prisms, m. p. and mixed m. p. 175°, from benzene (Found : C, 63-2; H, 5-6. 
Calc. for CjgH,,0,: C, 63-3; H, 5-6%). This gave a quinoxaline which separated from alcohol 
in plates, m. p. 176° [Found: C, 69-5; H, 5-8; N, 6-5; OMe, 35-5. C, 9H gN,(OMe), requires 
C, 69-4; H, 5-6; N, 6-5; OMe, 35-9%]; a mixture of this derivative and the parent benzil had 
m. p. ca. 159—160°. 

3’ : 4’-Dimethoxy-4-phenylbenzil——Condensation of homoveratroyl chloride (from 10 g. of 
acid) and diphenyl (7-75 g.) with aluminium chloride (15 g.) in nitrobenzene (50 ml.) during 
24 hr. gave 3’ : 4’-dimethoxy-4-phenyldeoxybenzoin (5 g.) which separated from alcohol in needles, 
m. p. 120° A naa C, 79-8; H, 6-1; “OMe, 17-6. C, 9H,,O(OMe), requires C, 79-5; H, 6-1; 
OMe, 18-7%]. Oxidation of this deoxybenzoin (1 g.) with potassium permanganate (2-5 g. 
furnished 3’ : 4- dimethoxy-4-phenylbenzil (0-6 g.), forming prisms, m. p. and mixed m. p. 176°, 
from alcohol [Found: C, 76-4; H, 5-4; OMe, 18-3. Calc. for C.9H,,0,(OMe),: C, 76-3; H, 
5:2; OMe, 17-9%]. The quinoxaline separated from alcohol in prisms, m. p. 146° [Found: C 
80-5; H, 5-5; N, 6-9; OMe, 14-9. C..H,gN,(OMe), requires C, 80-4; H, 5-3; N, 6:7; OMe, 
14-8%]. The acidic fraction from this oxidation gave diphenyl-4-carboxylic acid, m. p. and 
mixed m. p. 225°. 

With lead tetra-acetate (2-2 g.) in acetic acid at 100° for 30 min. 3’ : 4’-dimethoxy-4-phenyl- 
deoxybenzoin (1 g.) gave 3’ : 4’-dimethoxy-4-phenylbenzil (0-6 g.), m. p. and mixed m. p. 176°. 

Oxidation of Anisoin.—The oxidation of p-anisoin (1 g.) with potassium permanganate 
(1-25 g.) furnished p-anisil (0-8 g.), the guinoxaline from which formed needles, m. p. 149°, from 
alcohol [Found: C, 77-4; H, 5-4; N, 8-2; OMe, 17-9. C.9H,,N.(OMe), requires C, 77-2; H, 
5-3; N, 8-2; OMe, 18-1%]. Similarly benzoin furnished benzil. 


[1957] 


The analyses were carried out by Mr. A. S. Inglis, M.Sc., and his associates of this 
Department. 
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605. Steroids and Walden Inversion. Part XXX VII.* 
The Epimeric Cholestane-2 : 3-diols. 


By C. W. SHopree, D. N. Jones, and G. H. R. SUMMERS. 


The four epimeric cholestane-2 : 3-diols have been prepared by methods 
which permit the assignment of configuration. 


In connexion with other studies, we required specimens of the four epimeric cholestane- 
2 : 3-diols and knowledge of their configurations; before the commencement of this work, 
only cholestane-28 : 3a-diol (III; R = H) had been described, and methods of preparation 
are now given for the other three epimerides. 

Marker and Plambeck,? by oxidation of cholest-2-ene (I) with peracetic acid, obtained 
cholestane-28 : 3a-diol (III; R =H), m. p. 201°, characterised as the diacetate (III; 
R = Ac), m. p. 133—135°. Friirst and Plattner,? from cholest-2-ene (I) and perbenzoic 
acid, obtained 2« : 3«-epoxycholestane (II), which by hydrolysis gave a crude diol, m. p. 
160—180°, from which was obtained a pure diacetate, m. p. 135°, [«], +57°; Hattori and 
Kawasaki * claimed that hydrolysis with ethanolic hydrochloric acid afforded a pure diol, 
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m. p. 159—161°, which they formulated as the 28 : 3a-diol (III; R =H), giving a di- 
acetate, m. p. 135°. Since the only correlation between the products furnished by the 
three methods is the consistent m. p. recorded for the diacetates, we have repeated the 
reactions. Cholest-2-ene (I), conveniently prepared from cholestan-3-one (VII) by 
treatment of the toluene-p-sulphonylhydrazone (VI) with sodium hydroxide in refluxing 
diethylene glycol, with peracetic acid gave cholestane-28 : 3a-diol (III; R =H), m. p. 
200—202°, [ap] +33° (diacetate, m. p. 133—135°, [«], +56°), whilst 2a : 3a-epoxy- 
cholestane (II) by hydrolysis with sulphuric acid in aqueous acetone yielded an amorphous 
product, m. p. 145—150°, giving by acetylation and repeated crystallisation a diacetate, 
m. p. 133—I35°, [«]) +55°, undepressed on admixture with the above specimen. The 
diacetates displayed identical infrared spectral patterns with bands at (a) 1736 (ester CO 


* Part XXXVI, /J., 1957, 97. 


1 Marker and Plambeck, J. Amer. Chem. Soc., 1939, 61, 1332. 
* First and Plattner, Helv. Chim. Acta, 1949, 32, 275. 
* Ilattori and Kawasaki, /. Pharm. Soc. Japan, 1937, 57, 169. 
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group *), (6) 1463, 1456, and 1449 (CH, and CH, deformation bands), and (c) 1240 and 1226 
cm.-4. Similar results were obtained when the epoxide (II) was cleaved with periodic acid. 

An alternative route to the 28 : 3«-diol (III; R =H) is from 2«-bromocholestan-3- 
one (X), which by reduction with sodium borohydride gives 2«-bromocholestan-36-ol 
(V; R =H) accompanied by 2a-bromocholestan-3«-ol (IX). A feature of the chromato- 
graphic separation of these bromohydrins was the elution of the equatorial epimeride (V) 
before the axial epimeride (IX), also found by Corey,' an inversion of the order reported 
by Fieser and Huang,® and a contravention of the expected elution order, viz., axial alcohol 
before the equatorial epimeride.”*® Fieser and Ettore® have, however, also observed 
a case of anomalous chromatographic behaviour of bromohydrins involving methyl 3a- 
acetoxy-48-bromocholanate (3a-OAc; equatorial), which is eluted from aluminium oxide 
before its axial 38-acetoxy-epimeride. The 2a-bromo-3a-alcohol (IX) was characterised 
by acetolysis, probably via the enol (VIII), to cholestan-3-one (VII); the 2a-bromo-36- 
alcohol (V; R=H) was characterised by catalytic hydrogenation with palladium- 
charcoal in ethanol containing potassium hydroxide to afford cholestanol, and by dehydro- 
bromination yielded 28 : 38-epoxycholestane (IV), hydrolysed by sulphuric acid to 


cholestane-28 : “y (iI; R= re 
ve RO, as 


H H RO nt 
(V) x” “we (IIT) 

As a possible route to cholestane-2« : 36-diol (KX; R =H), acetolysis of the 2«- 
bromo-38-alcohol (V; R =H) was examined. Treatment with potassium acetate in 
boiling acetic acid gave the acetate (V; R = Ac) and the diacetate (III; R = Ac), which 
by hydrolysis yielded cholestane-28 : 3a-diol (III; R =H). The inversion of configur- 
ation at Cg) and Ci, may be regarded as involving the conjugate acid (XI) of the 28 : 38- 
epoxide (IV), with subsequent acetolysis to afford the diaxial 2-monoacetate (XII), 
hydrolysed to cholestane-28 : 3a-diol (III; R = H). 
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The 28 : 3a-configuration assigned to the diol, m. p. 200—202°, [«],, +-33°, is consistent 
with the rule of diaxial fission of steroid epoxides, 14 and is further supported by the 
reactions of the epoxides (II) and (IV) with ethereal toluene--sulphonic acid.!2 2« : 3a- 
Epoxycholestane (II) gave 3a-hydroxycholestan-28-yl toluene-f-sulphonate (XIII), 


4 Jones, Williams, Whalen, Humphries, and Dobriner, J. Amer. Chem. Soc., 1948, 70, 2024; 1949, 
71, 241; cf. Page, J., 1955, 2017. 

5 Corey, J. Amer. Chem. Soc., 1953, 75, 4832. 

° Fieser and Huang, ibid., p. 4837. 

7 Barton, J., 1953, 1027. 

8 Brooks, Klyne, and Miller, Biochem. J., 1953, 54, 212. 

® Fieser and Ettore, J. Amer. Chem. Soc., 1953, 75, 1700. 

10 Fiirst and Plattner, Abs. XII Internat. Congr. Pure Appl. Chem., 1951, p. 409. 

11 Alt and Barton, J., 1954, 4284. 

12 Criegee and Stanger, Ber., 1936, 69, 2753. 
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converted by prolonged treatment with lithium aluminium hydride into eficholestanol 
(XIV), whilst 28 : 38-epoxycholestane (IV) yielded 28-hydroxycholestan-3«-yl toluene-p- 
sulphonate (XV), converted by extended treatment with lithium aluminium hydride into 
cholestan-26-ol (XVI),” #%:14 characterised by oxidation to cholestan-2-one.* 

Cholestane-2« : 38-diol (XX; R =H) was obtained as follows. Cholest-4-en-3-one 
(XVII) by oxidation with lead tetra-acetate gave 2«-acetoxycholest-4-en-3-one (XVIII) 416 
in which configuration at Cy) is established.17 Seebeck and Reichstein 1* by exhaustive 
catalytic hydrogenation of the ketone (XVIII) and subsequent hydrolysis, obtained a 
crude diol, m. p. 150—157°, oxidised by chromium trioxide to 2 : 3-secocholestane-2 : 3- 
dioic acid (XXI). By use of sodium borohydride we converted 2«-acetoxycholest-4-en- 
3-one (XVIII) into 38-hydroxycholest-4-en-2«-yl acetate (XIX; R= Ac, R* = H), 
hydrolysed to cholest-4-ene-2« : 38-diol (XIX; R!= R? = H), in which configuration 
at Cy) is assigned on the grounds (a) that reduction of cholest-4-en-3-one with sodium 
borohydride furnishes at least 70% of the 38-epimeride,'* and (b) that substituents at Cy) 
do not affect the stereochemical course of hydride reduction of a 3-carbonyl group.’® 
Hydrogenation of cholest-4-en-2« : 38-diol (XIX; R!=R*=H) with platinum in 
acetic acid gave cholestane-2« : 38-diol (XX; R =H), m. p. 204°, [a], +18°, whilst 
hydrogenation of the diacetate (XIX; R! = R* = Ac) with platinum in ethyl acetate 
yielded cholestane-2 : 38-diol diacetate (XX; R = Ac). The 2: 38-diol (XX; R =H), 
on oxidation with chromium trioxide in acetic acid, afforded 2 : 3-secocholestane-2 : 3- 
dioic acid (XXI). The diol, m. p. 118°, reported by Hattori and Kawasaki ® thus cannot 
be cholestane-2< : 38-diol, unless they were dealing with a polymorph; they give no optical 
rotation. 


Sy AcO.. 
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Since this sequence of reactions was completed, 2«-acetoxy-5« : 22a-spirost-4-en-3-one 
(as XVIII) has been converted into 5« : 22a-spirostane-2« : 38-diol (as XX; R =H) by 
catalytic hydrogenation of the double bond and reduction of the carbonyl group with 
lithium aluminium hydride.’® 

Cholestane-2« : 3a-diol (XXII; R =H) was obtained from cholest-2-ene (I) by 
treatment with osmium tetroxide; configuration is assigned by analogy, since a survey 
of a large number of reactions shows that attack by bulky entities on the «-face of the 
steroid nucleus, especially in ring A, is subject to less steric retardation than on the 


* Reduction of mongtoluene-p-sulphonates of diaxial ¢rans-1 : 2-diols with lithium aluminium hydride 
may occur by a base-catalysed elimination, giving an epoxide, since epoxides stable to lithium aluminium 
hydride have been isolated ; 5 providing the rule of diaxial fission applies to epoxide reduction, the 
stereochemical arrangement of the free hydroxyl group will be unaffected. 


43 Ruzicka, Plattner, and Furrer, Helv. Chim. Acta, 1944, 27, 727. 
14 Fieser and Romero, J. Amer. Chem. Soc., 1953, 75, 4716. 

15 Goering and Serres, ibid., 1952, 74, 5908. 

16 Seebeck and Reichstein, Helv. Chim. Acta, 1944, 27, 948. 

17 Sondheimer, Kaufmann, Romo, Martinez, and Rosenkranz, ]. Amer. Chem. Soc., 1953, 75, 4712. 
18 Shoppee, Agashe, and Summers, unpublished work. 

19 Herran, Rosenkranz, and Sondheimer, J. Amer. Chem. Soc., 1954, 76, 5531. 
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8-face,2921 and Wendler and Slates 2* have recently described the similar reaction of 
5a : 22a-spirost-2-en-12-one (as I) to give 2x: 3«-dihydroxy-5z : 22a-spirostan-12-one 
(as XXII). 

Cholestane-28 : 38-diol (XXVIII) was obtained by a new method for cis-hydroxylation 
of olefins, first envisaged by Prevost and recently reported by Ginsburg; ** cholest-2-ene 
(I), by treatment with iodine and silver acetate in moist acetic acid, gave, after acetylation 
and chromatography, a 50% yield of cholestane-28 : 38-diol diacetate (XXVII; R = Ac) 
together with 3% of cholestane-2« : 3a-diol diacetate (XXII; R= Ac). Hydrolysis 
of the 28 : 38-diacetate by treatment with lithium aluminium hydride furnished cholestane- 
28 : 38-diol (XXVIII). 

The almost exclusive production of the 28 : 38-diol requires a mechanism involving 
the initial formation, by electrophilic attack of iodine, of a 2« : 3«-iodonium ion (XXIII), 
analogous to the 2« : 3x-bromonium ion postulated by Alt and Barton ™ as an intermediate 
in the addition of bromine to cholest-2-ene to give mainly the diaxial 28 : 3«-dibromo- 
cholestane. In a similar way, analogous to the diaxial fission of epoxides, the iodonium 
ion (XXIII) reacts with an acetate anion with inversion at Cy to give the diaxial 28- 
acetoxy-3«-iodide (XXIV). Separation of the 3a-iodine atom as the anion with particip- 
ation of the 28-acetoxyl group, and so with inversion at Cy), affords the cation (XXV), 
converted by traces of water *4 into the orthoacetate (XXVI), which readily rearranges 
to the 38-monoacetate (XXVII; R = H). 


RO, 






RO 4 
(XXI) 








H 
(XXVIII) 





H 
(XXVI) (XXVIN) 


The results of Knowles and his collaborators *5 indicate that trisubstituted steroid 
double bonds fail to react with iodine and silver acetate; we find that cholesterol reacts 
with difficulty, to give, after acetylation and chromatography, 5% of cholestane-38 : 5 : 6«- 
triol 3 : 6-diacetate 26 °7 and 5% of cholestane-36 : 5 : 68-triol 3 : 6-diacetate.?® 27 

The constants of the four diols and diacetates are collected in the Table. 


Cholestane-2 : 3-diols and their diacetates.* 


2a : 3a-Diol 28 : 3B-Diol 28 : 3a-Diol 2a : 3B-Diol 
M. p. 216—219° (212—-214°) 176—177° (174—177°) 200—202° (197—-200°) 204—205° (212—214°) 
{a]p +31° (+32°) +38° (+43°) +33° (+42°) +18° (+28°) 
Diacetate Diacetate Diacetate Diacetate 
M. p. 134°/135° 112°/119° 133—135° 106—107° 
[a]p -+29° +38° +56° —27° 


* Since this paper was submitted, Henbest and Smith (J., 1957, 926) have prepared the four diols. 
Their data are included in parentheses in our table. 


20 Fishman and Djerassi, J. Amer. Chem. Soc., 1955, 77, 4291. 

21 Tamasaki, Rosnati, Fieser, and Fieser, ibid., p. 3308. 

22 Wendler and Slates, Chem. and Ind., 1955, 167. 

*3 Ginsberg, J. Amer. Chem. Soc., 1953, 75, 5746. 

#4 Winstein and Buckles, ibid., 1942, 64, 2787. 

25 Barkley, Farrer, Knowles, Raffelson, and Thompson, ibid., 1954, 76, 5014. 
26 Ellis and Petrow, J., 1939, 1078. 

27 Prelog and Tagmann, Helv. Chim. Acta, 1944, 27, 1867. 
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EXPERIMENTAL 


For general experimental direction, see J., 1957, 97. [a], are in CHCl, unless otherwise 
stated. Infrared absorption spectra were determined in CS, on a Perkin-Elmer double-beam 
instrument. 

Cholest-2-ene.—(a) Cholestan-3-one, m. p. 127° (1 g.), in ethanol (20 c.c.) was heated with 
toluene-p-sulphonyl hydrazide (630 mg.) and concentrated hydrochloric acid (1 c.c.) under 
reflux for 1 hr. The mixture was poured into water and extracted with ether, and the extract 
washed with 2n-hydrochloric acid, 2N-sodium carbonate, and water, dried, and evaporated ; 
the toluene-p-sulphonylhydrazone had m. p. 172—174° (decomp.), [a], -+30° (c 1-0), after 
recrystallisation from ether [Found (after drying at 95°/0-02 mm.): C, 76-3; H, 10-2. 
C3,H,;,0.N,S requires C, 76-35; H, 10-2%]. The hydrazone (450 mg.) was refluxed with sodium 
hydroxide (450 mg.) in diethylene glycol for 4 hr.; the brown solution was poured into water, 
and worked up to yield an oil, which by filtration of a pentane solution through aluminium 
oxide and crystallisation of the resulting solid from acetone-methanol gave cholest-2-ene, m. p. 
71—72°, [a]p +66°. 

(6) A mixture of 2«-bromocholestan-3a- and -38-ol (see below), obtained by reduction of 
2a-bromocholestan-3-one with sodium borohydride,®* was refluxed with zinc dust in acetic 
acid for 40 min., and after being worked up yielded cholest-2-ene, m. p. 72°, [a], +66° 
(cf. ref. 11). 

2a-Bromocholestan-3a- and -38-ol.—2«-Bromocholestan-3-one (2-57 g.) in ether (100 c.c.) 
was treated with a solution of sodium borohydride (484 mg.) in moist methanol (80 c.c.) at 25° 
for 2 hr. Chromatography of the product on a column of neutral aluminium oxide *® (75 g.) 
prepared in pentane gave by elution with benzene (6 x 250 c.c.) cholestan-3-one (502 mg.), 
m. p. and mixed m. p. 127°. Elution with ether-benzene (1:9; 7 x 250 c.c.) gave an oil 
(1-19 g.) which crystallised from methanol in needles, m. p. 65—80°, unchanged by drying at 
50°/0-05 mm. for 4 hr., but giving by repeated azeotropic distillation with benzene 2«-bromo- 
cholestan-38-ol, m. p. 109—111°, [«]).+13° (c 1-2), after recrystallisation from acetone; a 
portion (115 mg.) was characterised by hydrogenation with palladium-charcoal in ethanol 
(14 c.c.) containing potassium hydroxide (104 mg.) to cholestan-38-ol, double m. p. 125°/140°,?* 
after crystallisation from acetone—methanol, undepressed on admixture with a genuine specimen. 
Further elution with ether—benzene (1:9; 8 x 250c.c.) gave a solid (555 mg.), m. p. 100—118°; 
this material was rechromatographed on a column of neutral aluminium oxide (10 g.), prepared 
in benzene; then elution with ether—benzene mixtures furnished 2«-bromocholestan-3«-ol, 
m. p. 116—118°, [a], +34° (c 1-4), after recrystallisation from acetone; a portion (267 mg.) by 
acetolysis with freshly fused potassium acetate (3-6 g.) in boiling acetic acid (25 c.c.) for 11-5 hr. 
gave a product separated by chromatography on neutral aluminium oxide and elution with 
benzene—pentane mixtures into cholestan-3-one (164 mg.), m. p. and mixed m. p. 125—127° 
after recrystallisation from acetone-methanol, and, by elution with ether—benzene (1: 9), 
unchanged 2«-bromocholestan-32-ol, m. p. and mixed m. p. 113—116° after recrystallisation 
from acetone. 

Cholestane-28 : 3u-diol_—(a) Cholest-2-ene (3 g.), dissolved in acetic acid (50 c.c.), was heated 
on a steam-bath and treated with 30% hydrogen peroxide (3 c.c.) added during 1 hr. with 
stirring. The mixture was poured into water and extracted with ether, and the extract washed 
thrice with water, 2N-sodium carbonate, and water, dried, and evaporated. The product was 
hydrolysed with boiling 5% ethanolic potassium hydroxide (120 c.c.) for 45 min.; after addition 
of a little water, the solution was saturated with carbon dioxide, ethanol removed in a vacuum, 
and the product isolated and recrystallised from methanol to give cholestane-28 : 3«-diol, m. p. 
200—202°, [a], +33° (¢ 1-2). Acetylation with acetic anhydride—pyridine at 20° for 14 hr. gave 
the diacetate, m. p. 133—135°, [a], + 56° (c 1-1), after crystallisation from acetone—methanol. 

(b) 2a : 3a-Epoxycholestane *? (m. p. 100—102°, [a], +37°; 200 mg.) in acetone (45 c.c.) 
and water (5 c.c.) was treated with 2N-sulphuric acid (10 drops) at 20° for 48 hr. After 
neutralisation with 2N-sodium carbonate, the solution was evaporated in a vacuum, and the 
residue dried by repeated azeotropic distillation with benzene. Attempted crystallisation 


28 Reichstein and Shoppee, Discuss. Faraday Soc., 1949, 7, 305. 
*9 Shoppee, J., 1946, 1145. 
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from acetone gave an amorphous solid, m. p. 145—150°, which was acetylated with boiling 
acetic anhydride; the resultant oil crystallised from acetone—methanol, and after two recrystal- 
lisations furnished cholestane-28 : 3«-diol diacetate, m. p. 133—135°, [«]) +55° (¢ 0-7). This 
specimen and that prepared under (a) gave no m. p. depression, and displayed identical infrared 
spectra [in CCl, at 2908 (2910), 2836 (2832), 1737 (1734), 1363 (1364), 1240, 1224, 1028 cm.*'; 
in CS, at 1736 (1735), 1463, 1452, 1445 (1444), 1361 (1362), 1240, 1227 (1226), 1027 cm.-*). 

(c) 28 : 38-Epoxycholestane ? (m. p. 87—89°, [«], +50°; 56 mg.) was treated in acetone 
(11 c.c.) and water (1-2 c.c.) with 2n-sulphuric acid (2 drops) at 20° for 48 hr. Working up as 
under (6) gave an amorphous solid, m. p. 145—150°, which by acetylation with boiling acetic 
anhydride and crystallisation of the product thrice from acetone—methanol afforded cholestane- 
28 : 3x-diol diacetate, m. p. and mixed m. p. 133—135°, [«]) +55° (¢ 0-7). 

(d) 2a-Bromocholestan-38-ol (m. p. 109—111°; 1-02 g.) was refluxed with freshly fused 
potassium acetate (12 g.) in acetic acid (68 c.c.) for 14 hr. The mixture was poured into water 
and extracted with ether, and the extract washed with water, 2N-sodium carbonate, and water, 
dried, and evaporated, to give an oil (970 mg.), which was chromatographed on a column of 
neutral aluminium oxide (30 g.) prepared in pentane. Elution with benzene—pentane (1: 1; 
5 x 100 c.c.) gave a colourless oil (366 mg.), which crystallised from acetone—-methanol to 
afford 2«-bromocholestan-38-yl acetate, m. p. 101—102°, [«],, —81° (¢ 1-4) (lit.,° m. p. 106—107°, 
[a], —82°); on treatment with lithium aluminium hydride in ether at 0° for 30 minutes, this 
regenerated the starting material, m. p. and mixed m. p. 108—110°. Elution with benzene 
(3 x 100 c.c.) and with ether—benzene (1:19; 4 x 100 c.c.) gave an oil (222 mg.), which 
crystallised from acetone to yield cholestane-28 : 3a-diol diacetate, m. p. and mixed m. p. 
133—135°, [a], +55° (c 1-0), hydrolysed by treatment with lithium aluminium hydride in 
ether at 36° for 30 min. to cholestane-28 : 3«-diol, m. p. and mixed m. p. 198—200°, [a], +31° 
(c 1-1). Further elution with ether—benzene (1:4; 3 x 100c.c.) gave 2a-bromocholestan-38-ol, 
m. p. and mixed m. p. 108—110°. 

3a-Hydroxycholestan-28-yl Toluene-p-sulphonate.—2a : 3u-Epoxycholestane (m. p. 100—102° ; 
412 mg.), dissolved in ether (10 c.c.),“ was treated with a solution of toluene-p-sulphonic acid 
(190 mg.) in ether (15 c.c.) at 20° for 14hr. The solution was poured into water, ether (100 c.c.) 
added, and the ethereal layer separated, washed with 2N-sodium carbonate and with water, 
dried, and evaporated, to give an oil (590 mg.) which crystallised after being stirred with acetone 
and set aside at 0° for 48 hr. Two recrystallisations from ether—hexane gave 3a-hydrovxychol- 
estan-28-yl toluene-p-sulphonate, m. p. 150—151°, [a], +23° (c 1-1) [Found (after drying at 
20°/0-05 mm. for 18 hr.): C, 73-1; H, 9-8. C,,H;,0,S requires C, 73-1; H, 9-75%]. The 
toluene-p-sulphonate (210 mg.) was treated with excess of lithium aluminium hydride in ether 
at 36° for 19 hr.; the solid product obtained by working up in the usual way crystallised from 
acetone to furnish cholestan-3«-ol, m. p. and mixed m. p. 182—184°. 

28-Hydroxycholestan-3a-yl Toluene-p-sulphonate.—28 : 38-Epoxycholestane (m. p. 87—89°; 
295 mg.), in ether (10 c.c.), was similarly treated with toluene-p-sulphonic acid (140 mg.) in 
ether (15 c.c.) at 20° for 10 hr., to yield 28-hydroxycholestan-3a-yl toluene-p-sulphonate, m. p. 
149—150°, [a], +41° (¢ 1-5) [Found (after drying at 16°/0-05 mm. for 12 hr.): C, 73-2; H, 
9-55. C3,H,;,0,S requires C, 73-1; H, 9-75%], depressed to 138° on admixture with 3a- 
hydroxycholestan-28-yl toluene-p-sulphonate. 28-Hydroxycholestan-3«-yl toluene-p-sulphonate 
(270 mg.) was treated with excess of lithium aluminium hydride in ether at 36° for 12 hr., to 
give, after the usual working up, a solid (184 mg.) which was chromatographed on neutral 
aluminium oxide (6 g.) prepared in pentane; elution with benzene gave cholestan-28-ol, m. p. 
151—153°, [«]p +34° (¢ 1-1) (lit.,224 m. p. 152—154°, [a], +33°). The alcohol (61 mg.) in 
acetic acid (5 c.c.) was treated with a 2% solution of chromium trioxide in 98% acetic acid 
(1 c.c.) at 25° for 12 hr.; the product (59 mg.) by crystallisation from acetone—methanol yielded 
cholestan-2-one, m. p. 126—128°, [a], + 48° (¢ 1-0) (lit.,214 m. p. 130°, [a], +51°). The m. p. 
was depressed to 105° by admixture with cholestan-3-one, m. p. 127°. 

Cholest-4-ene-2a : 38-diol_—2a-Acetoxycholest-4-en-3-one 4* (m. p. 141—142°, [a], +66°; 
279 mg.) in ether (9 c.c.) was treated with a solution of sodium borohydride (105 mg.) in moist 
methanol at 20° for 3 days. The usual isolation procedure furnished a solid, which was 
chromatographed on aluminium oxide (8 g.) prepared in benzene. Elution with ether—benzene 
mixtures gave an oil (52 1g.) but elution with methylene chloride yielded a solid (170 mg.) 
which by recrystallisation from methanol gave cholest-4-ene-2a : 38-diol, m. p. 174°, [«]) +38° 
(c 1-1) [Found (after drying at 50°/0-05 mm. for 18 hr): C, 80-4; H, 11-6. C,,H,,O, requires 
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C, 80-5; H, 115%]. The diol (50 mg.) with acetic anhydride—pyridine at 18° for 14 hr. gave, 
after the usual working up and crystallisation from methanol, the diacetate, m. p. 111—112°, 
[«]p —60-5° (c 1-6) [Found (after drying at 80°/0-05 mm. for 1 hr.) : C, 76-3; H, 10-4. C3,;H 590, 
requires C, 76-5; H, 10-4%]. 

Cholestane-2« : 38-diol.—(a) Cholest-4-ene-2« : 38-diol (36 mg.) in acetic acid (10 c.c.) was 
hydrogenated with platinum oxide (36 mg.) (uptake of H, complete in 10 min.). The usual 
isolation procedure afforded a solid, which, after purification by elution from aluminium oxide 
with methylene chloride and recrystallisation from methanol, gave cholestane-2« : 38-diol, m. p. 
204—205°, [a], +17° (c 1-0) [Found (after drying at 60°/0-05 mm. for 18 hr.) : C, 80-0; H, 12-0. 
C.,7H,,O, requires C, 80-1; H, 11-95%]. A mixture with cholestane-28 : 3a-diol, m. p. 
200—202°, produced a depression of m. p. to 190—197°. 

(b) Cholest-4-ene-2« : 38-diol diacetate (114 mg.) in ethyl acetate (10 c.c.) was hydrogenated 
with platinum oxide (44 mg.). After uptake of hydrogen had ceased (5 hr.), the product was 
isolated in the usual way, and purified by chromatography on aluminium oxide. Elution with 
benzene—pentane (1 : 4) and crystallisation from methanol gave cholestane-2« : 38-diol diacetate, 
m. p. 106—107°, [a], —27° (c 1-2) [Found (after drying at 50°/0-05 mm. for 1 hr.): C, 76-4; 
H, 10-8. (C,,H,,0O, requires C, 76-2; H, 10-7%]. The diacetate (45 mg.) by treatment with 
lithium aluminium hydride in ether at 36° for 30 min. and working up in the usual way, gave 
cholestane-2« : 33-diol, m. p. 204—208°, [a], +18° (c 0-8) after crystallisation from acetone. 
The mixed m. p. with the specimen prepared as under (a) was 204—205°. 

The 2a : 38-diol (78 mg.) in acetic acid (8-5 c.c.) was oxidised with chromium trioxide (76 mg.) 
in 98% acetic acid (4-5 c.c.) at 25° for 12 hr. The acidic product (34 mg.) was isolated in the 
usual way, and thrice recrystallised from ether—pentane gave 2: 3-secocholestane-2 : 3-dioic 
acid, m. p. and mixed m. p. 196—197°. 

Cholestane-2a : 3x-diol_—Cholest-2-ene (738 mg.) in ether (15 c.c.) was treated with osmium 
tetroxide (500 mg.) in ether (60 c.c.) at 15° for 14 days. Ether was removed and the black 
residue refluxed with aqueous-ethanolic sodium sulphite for 2 hr. The cooled suspension was 
filtered, the residue was washed with hot ethanol, and the combined filtrate and washings were 
evaporated in a vacuum. The product was extracted with ether, washed with 2Nn-sodium 
hydroxide containing mannitol, and with water, dried, and evaporated. The white solid, by 
crystallisation from chloroform-—acetone and sublimation, furnished cholestane-2a : 3a-diol, 
m. p. 216—219°, [#], +31° (c 1-2) [Found (after sublimation at 180°/0-05 mm.): C, 79-9; 
H, 11-75. C,,H,,O, requires C, 80-1; H, 11-95%]. The diol (145 mg.) with boiling acetic 
anhydride gave, after crystallisation of the product from acetone—methanol, the diacetate, m. p. 
134—135°, [a] + 29° (c 1-5) [Found (after drying at 80°/0-05 mm. for 4 hr.) : C, 76-2; H, 10-6. 
C3,H;,0, requires C, 76-2; H, 10-7%]. The m. p. was depressed to 110° on admixture with 
cholestane-28 : 3a-diol diacetate, m. p. 133—135°. 

Cholestane-28 : 38-diol_—Cholest-2-ene (811 mg.) in acetic acid (110 c.c.) containing water 
(1-5 c.c.) was treated with silver acetate (1-29 g.), and powdered iodine (755 mg.) added in one 
portion. The mixture was stirred vigorously at 45° for 3 hr., then cooled to 30°, and excess of 
sodium chloride added. The red solution was filtered and evaporated in a vacuum, and the 
residue dissolved in ether; the ethereal solution was washed with sodium hydrogen carbonate 
solution, sodium thiosulphate solution, and water, dried, and evaporated. Acetylation of the 
product with boiling acetic anhydride and the usual working up gave an oil (1 g.), which was 
chromatographed on aluminium oxide (30 g.) prepared in pentane. Elution with benzene— 
pentane (1:19; 8 x 100 c.c.) afforded cholestane-28 : 38-diol diacetate, double m. p. 112°/119°, 
[«]p +38° (c 1-2) [Found (after drying at 80°/0-05 mm. for 1 hr.) : C, 76-1; H, 10-5. C,,H;,0, 
requires C, 76-1; H, 10-5%], after crystallisation from acetone-methanol. Further elution 
with benzene—pentane (1:19; 4 x 100 c.c.) gave material (385 mg.) consisting essentially of 
the diacetate. The diacetate (270 mg.) was hydrolysed by treatment with excess of lithium 
aluminium hydride in ether at 36° for 30 min.; the solid product, obtained after the usual 
working up, crystallised from acetone to furnish cholestane-28 : 38-diol, m. p. 176—177°, [a]p 
-+-38° (¢ 1-0) [Found (after drying at 80°/0-01 mm. for 4 hr.): C, 79-8; H, 11-7. C,,H,,O, 
requires C, 80-1; H, 12-0%]. Acetylation with boiling acetic anhydride gave the 28: 38- 
diacetate, m. p. and mixed m. p. 132—133°. 

Hydroxylation of Cholesterol with Silver Acetate and Iodine.—Cholesterol (1 g.) in acetic acid 
(55 c.c.) containing water (1-5 c.c.) with silver acetate (1-69 g.) at 50—55° was treated with 
powdered iodine (0-96 g.) added in portions with stirring during 30 min. The mixture was 
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stirred at 50° for 40 min. and then at 95° for 3hr. The product, isolated as above, was acetyl- 
ated with boiling acetic anhydride, and chromatographed on aluminium oxide (25 g.) prepared 
in pentane. Elution with benzene—pentane mixtures (11 x 100 c.c.) gave an oil (234 mg.). 
Elution with benzene (3 x 100 c.c.) and with ether—benzene (1:9; 2 x 100 c.c.) afforded a 
solid, which by repeated crystallisation from ether—-methanol gave cholestane-38 : 5 : 6«-triol 
triacetate (62 mg.), m. p. and mixed m. p. 181—185°, whilst further elution with ether—benzene 
(1:4; 4 x 100 c.c.) gave cholestane-38 : 5 : 68-triol triacetate (59 mg.), m. p. and mixed m. p. 
163—165°, after repeated crystallisation from methanol. 
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606. Steroids. Part XIII.* Catalytic Hydrogenation of 
3a- and 38-Substituted A*-Steroids. 


By C. W. SHopree, B. D. AGASHE, and G. H. R. SuMMERs. 


Catalytic hydrogenation of A‘-steroids under various conditions leads 
to products of both the a/B-trvans- and a/B-cis-series; the stereochemical 
influence of 3a- and 38-substituents (OH, OAc, OMe, Cl, NHPh, and 
NH°-CH,Ph) is less marked than in hydrogenation of A5-steriods. 


WHILST catalytic hydrogenation of 38-substituted A5-steroids affords almost exclusively 
saturated compounds of the A/B-trans-series, it has recently been shown ! that 3«-substi- 
tuted A5-steroids give preferentially, and sometimes apparently exclusively, saturated 
compounds of the A/B-cis-series. It was therefore of interest to examine the influence of 
a series of 38- and 32-substituents on the stereochemical course of the catalytic hydro- 
genation of A‘-steroids, although it was expected that, on account of the “ half-chair’”’ 
conformation * of ring A, any effects would be less marked than amongst A®-steroids. 
Since the stereochemical course of hydrogenation of A‘-steroids is known to be affected 
by the character of the medium, ¢.g., cholest-4-ene with platinum in a neutral solvent 
gives principally coprostane** but with platinum in an acidic medium exclusively 
cholestane,* experiments were carried out in ethyl acetate and in ethyl acetate containing 
acetic, sulphuric, or perchloric acid. 

Schoenheimer and Evans ® examined the hydrogenation of 3x- and 38-hydroxycholest- 
4-ene with platinum in pentyl ether. Cholest-4-en-3«-ol gave a mixture of eficholestanol, 
isolated by repeated crystallisation, and eficoprostanol, whose presence was established 
by epimerisation with sodium in xylene, separation of coprostanol with digitonin, and 
isolation of coprostanyl acetate; hydrogenation of cholest-4-en-38-ol was incomplete 
and the products were inseparable, but evidence was adduced for the formation of 
coprostanol but not of cholestanol. 

We have investigated the hydrogenation of cholest-4-enes with 3a-hydroxyl, 3a- 
methoxyl, 4«-acetoxyl, and 3a-benzamido-substituents and with 38-hydroxyl, 38-methoxy]l, 
38-acetoxyl, 38-chloro-, and 36-anilino-substituents. 3a-Methoxycholest-4-ene could 
could not be prepared by methylation with silver oxide and methyl iodide of cholest-4-en- 
3x-ol, which gave mainly cholesta-3 : 5-diene; methanolysis of 38-chlorocholest-4-ene gave 


* Part XII, J., 1957, 1451. 

1 Lewis and Shoppee, /., 1955, 1365. 

? Barton, Cookson, Klyne, and Shoppee, Chem. and Ind., 1954, 21. 
3 Mauthner, Monatsh., 1909, 30, 635. 

* Windaus, Ber., 1919, 52, 170. 

5 Schoenheimer and Evans, J. Biol. Chem., 1936, 114, 567. 
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a product, m. p. 45—46°, [«], +70°, provisionally termed 3a-methoxycholest-4-ene, but 
which, on account of the low value of its specific rotation, is probably a 1: 1 molecular 
compound of 3«- and 38-methoxycholest-4-ene analogous to that of 3a- and 38-methoxy- 
cholestane described by Lewis and Shoppee.* The configuration of 38-anilinocholest-4-ene 
was proved by the identity of its hydrogenation product N-cyclohexylcholestan-38-ylamine 
with that obtained by reduction of 38-anilinocholest-5-ene (cholesterylaniline).?_ N-Benzyl- 
cholest-4-en-38-ylamine was prepared, but in quantity insufficient for hydrogenation 


Shoppee, Agashe, and Summers : 


TABLE 1. 
Compound Derivative of a/B- 
hydrogenated Acid Hydrocarbon(s) cis-series Other products 
Cholesta: - iC 1, 33% iChol 1, 38% 
Chstett hen Sect = | - “on ~ { = aes epiCoprostanol, 33% epiCholestanol, 38% 


AcOH { Cuolestens (+ copro- epiCoprostanol, 56% epiCholestanol, 32% 

— stane ?), 8% 
Cholestane (+ copro- 

H 280, { stane ?), 78% “ 


0, f Cholestane (++ copro- 


epiCoprostanol, 18% epiCholestanol, 4% 


epiCoprostanol, 0% epiCholestanol, 5% 


HCl 





stane ?), 94% 


3a-Acetoxycholest-4-ene — Coprostane, 36°, epiCoprostanyl Oils, 16% 
acetate, 48% 
AcOH _ Coprostane, 28%, epiCoprostanyl Oils, 3% T 
acetate, 69% 
H,SO, Coprostane, 73% epiCoprostanyl Oils, 10% t¢ 
acetate, 15% 
HClO, Coprostane, 85% epiCoprostanyl Oils, 7% tT 
acetate, 8% 
3a-Methoxycholest-4-ene — Coprostane + chole- _ Oils 


N-Benzylcholest-4-en-3a- 


ylamine * 


AcOH 


stane 


* Present as the benzylammonium cation. 


N-(cycloHexylmethy])- 
coprostan-3a-yl- 
amine, 36% 


N-(cycloHexyl- 


methyl)cholestan- 
3a-ylamine, 41% 


t Probably containing epicoprostanol. 


TABLE 2. 
Compound Derivative of a/B- Other 
hydrogenated Acid Hydrocarbon(s) trans-series products 
Cholest-4-en-38-ol -—— Oil, 3% Cholestanol, 40% Coprostanol, 50% 
AcOH Oil, 2% Cholestanol, 14% Coprostanol, 78% 
H,SO, Cholestane, 90% Cholestanol, 5% 
HClO, Cholestane, 96% Cholestanol, 3% 
38-Acetoxycholest-4-ene — Cholestane, 37% Cholestanyl acetate, 53% Oils, 10% 
AcOH Cholestane, 19% Cholestanyl acetate, 75% Cholestanol, 6% 
H,SO, Cholestane, 75% Cholestanyl acetate,7% Cholestanol, 8% 
HCI1O, Cholestane, 91% Cholestanyl acetate, 8% 
38-Methoxycholest-4-ene a Cholestane, 24% 38-Methoxycholestane, Oils, 10% 
9 
AcOH  Cholestane, 35% 2f-Methoxycholestane Oils, 5% 
H,SO, Cholestane, 67% 3£-} Seton cre Oils, 13% 
HClO, Cholestane, 84% 3£- Methoxycholestane, Oils, 8% 
8% 
38-Chlorocholest-4-ene a Cholestane, 100% — 
38-Anilinocholest-4-ene * AcOH Cholestane, 9% N-cycloHexylcholestan- Oils, 38% 


experiments ; 


38-ylamine, 48% 


* Present as the anilinium cation. 


its configuration follows by exclusion from that of N-benzylcholest-4-en-3«- 


ylamine, which was established by the identity of its reduction products (N-cyclohexyl- 
methyl)cholestan-3-ylamineand (N-cyclohexylmethyl)coprostan-3«-ylamine with the known 


* Lewis and Shoppee, /., 
7 Lieb, Winkelmann, and Képpl, Annalen, 1934, 509, 214; 


, 1952, 74, 5617. 


1955, 1375. 


cf. King and Regan, J. Amer. Chem. 
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compounds.* The results are summarised in Tables 1 and 2, which give the proportions 
of the hydrogenation products expressed as percentages of the total product. 

Our results confirm and extend those of Schoenheimer and Evans.® In so far as the 
spatial requirements of a quasi-equatorial 3$-substituent increase hindrance by 28-H 
(axial), 68-H (axial), and 108-Me (quasi-axial), and so reduce the accessibility to the 
catalyst of the @-face of ring a, the production of compounds of the A/B-trans-series is 
increased ; conversely, in so far as the spatial requirements of a quasi-axial 3-substituent 

increase hindrance by la-H (axial), 6«-H (equatorial), 
a Me . 7a-H (axial), and 9«-H (axial), the formation of compounds 
* of the A/B-cis-series is increased, but the effects are less 


10 
6 
3 : A ? marked than amongst cholest-5-ene derivatives. 
en’ pf *, . The presence of small amounts of acids during hydro- 
‘ 4 : genation increases the rate of reaction but does not alter 
7 i the stereochemical pattern. Acetic acid, unlike sulphuric 


or perchloric acid, notably decreases the extent of hydro- 
genolysis and correspondingly increases the yields of saturated substituted products. 


EXPERIMENTAL 


For general experimental directions see J., 1957, 1451. [a]p are in CHCl,; ultraviolet 
absorption spectra are in EtOH solutions, with a Unicam SP. 500 spectrophotometer with 
corrected scale. 

Cholest-4-en-38-0l.—Cholest-4-en-3-one (m. p. 79—80°; 22 g.) was reduced with lithium 
aluminium hydride in ether at 36° according to the directions of Plattner, Heusser, and 
Kulkarni ® to the molecular compound of the epimeric cholest-4-en-3-ols, m. p. 140—141°, [«]p 
-+-83° (¢ 1-2), and cholest-4-en-38-ol, m1. p. 130—132°, [a], +46° (¢ 1-2). Acetic anhydride- 
pyridine at 15° (15 hr.) afforded 38-acetoxycholest-4-ene,5 m. p. 87—-88°, [«]) +8°, +10° (¢ 1-1, 
1-8) [Found (after drying at 20°/0-03 mm. for 12 hr.): C, 80-9; H, 11-9. Calc. for CygH,,O, : 
C, 81-2; H, 11-3%], after recrystallisation from acetone. 

38-Methoxycholest-4-ene.—Cholest-4-en-38-ol (2 g.) was refluxed with freshly prepared 
silver oxide (2 g.) in methyl iodide (30 c.c.) for 6 hr. The suspension was filtered, the filtrate 
evaporated in a vacuum, and the product taken up in ether; the ethereal solution was washed 
with sodium hydrogen sulphite solution and with water, dried, and evaporated. The oil soon 
crystallised, and by recrystaliisation from acetone gave 38-methoxycholest-4-ene (1-7 g.), m. p. 
71—72°, [a]p +41° (c 1-3) [Found (after drying at 40°/0-03 mm. for 10 hr.) : C, 83-5; H, 11-8. 
C,,3H,,O requires C, 83-9; H, 12-1%]. 

Cholest-4-en-3a-o0l.—The above molecular compound (2-4 g.) in warm ethanol (200 c.c.) was 
treated with a warm solution of digitonin (8 g.) in 90% ethanol (750 c.c.), and the precipitate 
filtered off after 24 hr. The filtrate was evaporated in a vacuum, the residue extracted with 
ether, and the ethereal solution washed with water, dried, and evaporated. The product was 
crystallised from acetone to give, after 12 hr. at 0°, cholest-4-en-3a-ol (950 mg.), m. p. 83—84°, 
[a]p +115° (¢ 0-8). Acetic anhydride—pyridine at 15° (15 hr.) furnished 3a-acetoxycholest-4- 
ene,®2° m. p. 82—83°, [x], +177° (¢ 1-0) [Found (after drying at 20°/0-03 mm. for 15 hr.) : 
C, 81-4; H, 11-5. Calc. for C,,H,,O,: C, 81-2; H, 11-3%], after recrystallisation from acetone. 

3a-Methoxycholest-4-ene.—Attempted methylation of cholest-4-en-3«-ol (1 g.) with silver 
oxide—methyl iodide gave only cholesta-3 : 5-diene, m. p. and mixed m. p. 77—78°, [a]) —90° 
(¢ 1-2), Amax. 235 my. Methanolysis of 38-chlorocholest-4-ene {m. p. 75—76°, [%]) —27° (¢ 1-0) 
to be described in a forthcoming paper} and recrystallisation of the product from acetone and 
acetone-methanol gave 3a-methoxycholest-4-ene, m. p. 45—46°, [«]p + 70° (¢ 1-0) (Found: C, 
82-7; H, 11-85. Calc. for C,,H,0: C, 83-9; H, 12-1%); this substance may be al:1 
molecular compound of 3«- and 38-methoxycholest-4-ene. 

38-A nilinocholest-4-ene.—38-Chlorocholest-4-ene (m. p. 110°; 500 mg.) in ether (20 c.c.) was 
treated with freshly distilled aniline (5 c.c.) at 20° for 4 days. The mixture was poured into 


§ Shoppee, Richards, Sly, and Summers, J., 1956, 1054. 
® Plattner, Heusser, and Kulkarni, Helv. Chim. Acta, 1949, 32, 265. 
10 Evans and Schoenheimer, J. Amer. Chem. Soc., 1936, 58, 182. 
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2n-hydrochloric acid, and the product isolated in the usual way and chromatographed on a 
column of aluminium oxide (15 g.) prepared in pentane. Elution with pentane (50 c.c.) gave 
an oil (50 mg.) which was rejected ; further elution with pentane furnished 38-anilinocholest-4-ene 
(200 mg.), m. p. 99—100°, [a], +22° (c 1-0), after recrystallisation from acetone—-methanol 
{Found (after drying at 55°/0-03 mm. for 6 hr.) : C, 85-7; H, 11-0. C,,H,;,N requires C, 85-9; 
H, 11-05%]. 

38-A nilinocholest-5-ene.—Cholesteryl chloride (m. p. 95—96°; 1-42 g.) was refluxed with 
freshly distilled aniline (30 c.c.) for 45 min. The cooled mixture was poured into 2N-hydro- 
chloric acid, then set aside for 0-5 hr., and the precipitate filtered off, washed with 2N-hydro- 
chloric acid and with water, and dried. The product was chromatographed on aluminium 
oxide (45 g.) prepared in pentane; elution with pentane gave cholesteryl chloride (90 mg.), but 
elution with benzene afforded 38-anilinocholest-5-ene? (1-1 g.), m. p. 188—189°, [a], —33° 
(c 1-35), after recrystallisation from benzene—acetone [Found (after drying at 20°/0-03 mm. 
for 24 hr.) : C, 85-45; H, 11-0. Calc. for C;,H;,N: C, 85-9; H, 11-05%]. 

N-cycloHexylcholestan-38-ylamine.—38-Anilinocholest-5-ene (208 mg.) was hydrogenated 
with platinum oxide (100 mg.) in acetic acid (40 c.c.) in 0-5 hr. to give, after the usual isolation 
procedure, N-cyclohexylcholestan-38-ylamine, m. p. 140—141°, [a], +17° (c 1-15), after 
recrystallisation from benzene—acetone [Found (after drying at 95°/0-03 mm. for 6 hr.): C, 
84-05; H, 12-6. C,,H; N requires C, 84-4; H, 12-6%]. 

N-Benzylcholest-4-en-3x- and -38-ylamine.—38-Chlorocholest-4-ene (1 g.) was refluxed with 
benzylamine (10 c.c.) for 2 hr. The cooled mixture was treated with excess of 2N-hydro- 
chloric acid, and the insoluble hydrochlorides were filtered off and washed with water. The 
precipitate obtained by basification and extraction with ether gave, after working up, a yellow 
oil (1-2 g.) which failed to crystallise and was chromatographed on aluminium oxide (35 g.) 
prepared in pentane. Elution with pentane (3 x 60 c.c.) yielded an oil (175 mg.) which was 
discarded. Elution with benzene—pentane (1:9, and 1:4; 9 x 60.c.c.) gave N-benzylcholest- 
4-en-3a-ylamine (660 mg.), m. p. 68—70°, [a], +125° (c 1-0), after two recrystallisations from 
ethanol [Found (after drying at 20°/0-04 mm. for 24 hr.): C, 85-8; H, 11-2. C,,H;,N requires 
C, 85-8; H, 11-2%]. Further elution with ether—benzene (1:9; 3 x 60c.c.) gave N-benzyl- 
cholest-4-en-38-ylamine (95 mg.), m. p. 76—78°, [a], +23° (c 1-0), after recrystallisation from 
acetone [Found (after drying at 18°/0-05 mm. for 8 hr.) : C, 85-5; H, 11-2%]. 

Hydrogenations.—Cholest-4-en-3a-ol. (a) The 3a-alcohol (90 mg.; m. p. 83—84°, [a], 
+ 115°) by hydrogenation with platinum oxide (40 mg.) in ethyl acetate (30 c.c.) and chromato- 
graphy on neutral aluminium oxide gave: (i) by elution with pentane (4 x 25 c.c.) an oil 
(15 mg.), which crystallised with difficulty from acetone to yield cholestane, m. p. and mixed 
m. p. 76°; (ii) by elution with benzene—pentane (1:4; 5 x 25 .c.) an oil (13 mg.); (iii) by 
elution with ether—benzene (3:7; 5 x 25 c.c.) epicholestanol (34 mg.), m. p. and mixed m. p. 
183—185°, [a] +33° (c 1-1), after recrystallisation from ethanol, characterised as acetate, 
m. p. and mixed m. p. 94—95°; (iv) by further elution with ether—-benzene (3:7; 4 x 25c.c.) 
epicoprostanol (30 mg.), m. p. and mixed m. p. 110—112°, [a], + 29° (¢ 0-44), after recrystal- 
lisation from acetone, characterised as acetate, m. p. and mixed m. p. 87—88°. 

Similar experiments in the presence of (b) acetic acid (0-5 c.c.), (c) 10N-sulphuric acid (4 drops), 
and (d) 60% perchloric acid (3 drops) gave on chromatography as under (a): (b) cholestane 
(7 mg.), m. p. and mixed m. p. 75—78°, epicholestanol (30 mg.), m. p. and mixed m. p. 181— 
183°, and epicoprostanol (52 mg.), m. p. and mixed m. p. 112—114°; (c) cholestane (-+-copro- 
stane ?) (75 mg.), m. p. 72—78°, epicholestanol (4 mg.), m. p. ~180°, and epicoprostanol (16 mg.), 
m. p. and mixed m. p. 108—112°; (d) cholestane (-+coprostane?) (85 mg.), m. p. and mixed 
m. p. 76—77° after crystallisation from acetone, and epicholestanol (5 mg.), m. p. 180—182°. 

Cholest-4-en-3x-yl acetate. (a) The acetate (m. p. 82—83°, [a], +177°; 90 mg.) by hydro- 
genation with platinum oxide (40 mg.) in ethyl acetate (30 c.c.) and chromatography on neutral 
aluminium oxide gave: (i) by elution with pentane (3 x 30 .c.) an oil (32 mg.), which crystal- 
lised from acetone to give coprostane, m. p. and mixed m. p. 72—73°; (ii) by elution with 
benzene—pentane (1:9; 6 x 30 c.c.) epicoprostanyl acetate (43 mg.), m. p. 88°, mixed m. p. 
86—88°, [x], +42° (c 0-5), characterised by hydrolysis with 5% methanolic potassium hydroxide 
to epicoprostanol, m. p. and mixed m. p. 112—113°. 

Similar experiments in the presence of (b) acetic acid (0-5 c.c.), (c) 10N-sulphuric acid (3 
drops), and (d) 60% perchloric acid (3 drops) gave by chromatography as under (a) : (b) copro- 
stane (28 mg.), m. p. and mixed m. p. 71—72°, and epicoprostanyl acetate (68 mg.), m. p. and 
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mixed m. p. 83—85°; (c) coprostane (62 mg.), m. p. and mixed m. p. 70—72°, and epicopro- 
stanyl acetate (13 mg.), m. p. and mixed m. p. 84—85°; (d) coprostane (81 mg.), m. p. and 
mixed m. p. 70—72°, and epicoprostanyl acetate (7 mg.), m. p. 84°. 

3a-Methoxycholest-4-ene. The ether (m. p. 45—46°, [a], +70°; 80 mg.) was hydrogenated 
with platinum oxide (40 mg.) in ethyl acetate (30 c.c.) to yield an oil (75 mg.) from which 
chromatography failed to yield crystalline fractions. 

N-Benzylcholest-4-en-3a-ylamine. The base (100 mg.) was hydrogenated with platinum 
oxide (40 mg.) in acetic acid (uptake, 20 c.c.; calc. for 4H,, 19 c.c.) to give a solid, m. p. 
83—102°, which. was chromatographed on aluminium oxide (3 g.) prepared in pentane. 
Elution with pentane (6 x 30 c.c.) gave an oil (39 mg.), which by crystallisation from 
acetone gave N-(cyclohexylmethyl)cholestan-3a-ylamine, m. p. 112—114°, [a], +20° (c 0-85), 
giving no depression with an authentic sample. Elution with benzene—pentane (1:1; 
3 x 30 c.c.) and with benzene (3 x 30 c.c.) furnished an oil (25 mg.), consisting of 
N-(cyclohexylmethy])coprostan-3«-ylamine, [a]) +27° (¢ 1-2), characterised as the hydro- 
chloride, m. p. 242—244°, identical with a genuine specimen.*® 

Cholest-4-en-38-ol. (a) The 38-alcohol (m. p. 132°, [a], +46°; 110 mg.) by hydrogenation 
with platinum oxide (60 mg.) in ethyl acetate (30 c.c.) and chromatography on neutral alu- 
minium oxide gave: (i) by elution with pentane (4 x 25 c.c.) only traces of oil (3 mg.); (ii) by 
elution with ether—benzene (3:7; 3 xX 25 c.c.), coprostanol (54 mg.), m. p. and mixed m. p. 
100—101°, [a], +27-5° (c 1-1), after recrystallisation from methanol, characterised as acetate, 
m. p. and mixed m. p. 88—90°. Further elution with ether—benzene (3:7; 2 x 25 c.c. and 
1:1; 3 x 25 c.c.) gave cholestanol (42 mg.), double m. p. 128°/142°, mixed m. p. 142°, [a], 
-+- 28° (c 0-9), after recrystallisation from methanol, characterised as acetate, m. p. and mixed 
m. p. 108—109°. 

Similar experiments in the presence of (b) acetic acid (0-5 c.c.), (c) 10N-sulphuric acid (3 
drops), and (d) 60% perchloric acid (3 drops) gave by chromatography as under (a): (b) copro- 
stanol (78 mg.), m. p. and mixed m. p. 98—100°, and cholestanol (14 mg.), m. p. and mixed m. p. 
143°; (c) and (d) cholestane (90 mg.; 98 mg.), m. p. and mixed m. p. 76—78°, and traces of 
cholestanol (5 mg.; 3 mg.). 

Cholest-4-en-38-yl acetate. (a) The acetate (m. p. 88°, [a]p +8°; 100 mg.) by hydrogen- 
ation with platinum oxide (60 mg.) in ethyl acetate and chromatography on neutral aluminium 
oxide gave: (i) by elution with pentane (2 x 30 c.c.) cholestane (37 mg.), m. p. and mixed 
m. p. 77—78°, after crystallisation from acetone; (ii) by elution with benzene—pentane (1 : 9; 
5 x 30¢.c.) cholestanyl acetate (53 mg.), m. p. 108—109°, [a], +10-5° (c 0-8), after crystallis- 
ation from acetone, characterised by alkaline hydrolysis to cholestanol, double m. p. 128°/142°. 

Similar experiments in the presence of (b) acetic acid (0-5 c.c.), (c) 10N-sulphuric acid (4 
drops), and (d) 60% perchloric acid (3 drops) gave by chromatography : (5) cholestane (19 mg.), 
m. p. and mixed m. p. 78°, cholestanyl acetate (75 mg.), m. p. and mixed m. p. 109—110°, and 
cholestanol (6 mg.), double m. p. and mixed m. p. 128°/142°; (c) cholestane (75 mg.), m. p. 
76—78°, cholestanyl acetate (7 mg.), m. p. 108°, and cholestanol (8 mg.), double m. p. 128°/142°; 
(d@) cholestane (91 mg.), m. p. and mixed m. p. 78°, and cholestanyl acetate (8 mg.), m. p. and 
mixed m. p. 109—110°. 

38-Methoxycholest-4-ene. The ether (m. p. 71°, [a], +41°; 100 mg.) was hydrogenated 
with platinum oxide (60 mg.) in ethyl acetate (40 c.c.) and by chromatography on neutral 
aluminium oxide gave: (i) by elution with pentane (4 x 30 c.c.) cholestane (19 mg.), m. p. 
and mixed m. p. 76—78°, after recrystallisation from acetone; (ii) by elution with benzene— 
pentane (1:4; 2 x 30c.c.) 38-methoxycholestane (61 mg.), m. p. 83—84°, [a], + 20° (c 0-9), 
undepressed by admixture with an authentic specimen prepared by methylation of cholestanol.® 

Similar experiments in the presence of (b) acetic acid (0-5 c.c.), (c) 10N-sulphuric acid (3 
drops), and (d) 60% perchloric acid (3 drops) all gave by chromatography as under (a) : chole- 
stane (35, 67, and 84 mg.), m. p. and mixed m. p. 76—78°, and 38-methoxycholestane (60, 20, 
and 8 mg.), m. p. and mixed m. p. 83—84°. 

38-Chlorocholest-4-ene. The chloride (103 mg.) by hydrogenation with platinum oxide 
(65 mg.) in ethyl acetate gave an almost quantitative yield of cholestane, m. p. and mixed m. p. 
78°, after filtration of a pentane solution over aluminium oxide and crystallisation from acetone. 

38-A nilinocholest-4-ene. The base (101 mg.) was hydrogenated with platinum oxide (50 mg.) 
in acetic acid (20 c.c.) to yield an oil (100 mg.), which was chromatographed on neutral alu- 
minium oxide (6 g.) prepared in pentane. Elution with pentane (3 x 10 c.c.) gave cholestane, 
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m. p. and mixed m. p. 78° after crystallisation from acetone. Elution with ether—benzene 
(1:19; 6 x 10 c.c.) gave an uncrystallisable oil (38 mg.), but use of ether—benzene (1 : 3 and 
1:1; 6 x 10 c.c.) and ether (3 x 10c.c.) furnished N-cyclohexylcholestan-38-ylamine (49 mg.), 
m. p. and mixed m. p. 140—141° with the preparation described above, after recrystallisation 
from benzene—acetone. 

Attempted Methylation of Cholest-4-en-3a-0l.—The 3a-alcohol (1 g.) and freshly precipitated 
silver oxide (1 g.) were refluxed with freshly distilled methyl iodide (15 c.c.) for 1-5 hr. The 
precipitate was filtered off and washed with ether, and the ethereal filtrate washed with sodium 
hydrogen sulphite solution, and with water, dried, and evaporated. The resultant oil crystal- 
lised when rubbed with acetone, to give a nearly quantitative yield of cholesta-3 : 5-diene, 
m. p. and mixed m. p. 77—78°, [a]p +90° (¢ 1-2), Amax. 235 mu. 


We thank Glaxo Laboratories Limited for a gift of cholesterol. 
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607. Spirocyclic Compounds. Part I. The Preparation of 
Compounds Related to 3: 2'-Dioxogrisan. 
By F. M. DEAN and KAMCHORN MANUNAPICHU. 


Alkylations of coumaran-3-ones generally lead to 2: 2-disubstituted 
products some of which can be converted into spirocyclic compounds related 
to griseofulvin. Cyclisation was achieved only by acid-catalysed cyclo- 
dehydration; it led to 4:6: 4’-trimethyl- (XXXII; Me for OMe) and 
4 : 6-dimethoxy-4’-methyl-3 : 2’-dioxogris-3’-en (XXXII). The latter com- 
pound was oriented by the production of 2-hydroxy-4 : 6-dimethoxybenzoic 
acid when the corresponding diol suffered periodate oxidation, which could 
include oxidation of hydrogen at the 2-position of a coumaran-3-one. This 
type of oxidation has been realised in simple coumaranones and compared 
with the autoxidations of 2-alkyl- and 2-acetyl-coumaran-3-ones. 


ATTEMPTS to synthesise spirocyclic systems similar to those of griseofulvin! (I) and 
the derivative (II) of usnolic acid * from coumaranones of type (IV) have led to spirocyclic 
diketones of type (III). 

Addition of vinyl cyanide to 4: 6-dimethoxycoumaran-3-one (IV; R = OMe) led 
only to the dicyanide (V; R = OMe), which had the appropriate absorption bands at 
2257 (C:N) and 1698 cm.-! (coumaranone C:O), and the same ultraviolet absorption as 
the parent dimethoxycoumaranone. In contrast, no reaction with allyl cyanide could 
be realised in spite of reports by Michael and Ross * and Bruson.‘ Similarly, the dicyanide 
(V; R= Me) was easily prepared from 4: 6-dimethylcoumaran-3-one (IV; R = Me) 
and appeared to be suitable for cyclisation to a derivative of cyclohexanone by the technique 
of Ziegler, Eberle, and Ohlinger.® This dicyanide, however, resisted cyclisation by 
lithium ethylanilide, and was therefore hydrolysed to the dibasic acid (VI; R = Me, 
R’ = H); the acid, however, was not cyclised by acetic anhydride, nor did its ester 
(VI; R = R’ = Me) undergo the Dieckmann reaction. Attention was therefore directed 
to 2-acylcoumaran-3-ones in which but one incoming substituent could be accommodated 
at the 2-position. 

The glyoxylic ester (VII) formed from the coumaranone (IV; R = Me) and ethyl 
1 Grove, MacMillan, Mulholland, and Rogers, /., 1952, 3977. 

Dean, Halewood, Mongkolsuk, Robertson, and Whalley, J., 1953, 1250. 
Michael and Ross, J. Amer. Chem. Soc., 1931, 58, 1150. 


2 

3 

* Bruson, ibid., 1942, 64, 2457. 

5 Ziegler, Eberle, and Ohlinger, Annalen, 1933, 504, 94. 
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oxalate did not give the desired 8-keto-ester when heated with powdered glass. Whilst 
2-acetyl-4 : 6-dimethylcoumaran-3-one (VIII) was readily accessible by Claisen condens- 
ation of the coumaranone (IV; R = Me), this reaction failed to produce the dimethoxy- 
derivative (X), possibly because electronic interaction between the carbonyl group and 
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the. methoxyl groups of the coumaranone (IV; R = OMe) interferes with activation of 
the 2-position. However, the required acetylcoumaranone (X) was prepared by base- 
catalysed rearrangement of the enol acetate (IX) [obtained by acetylation of the 
coumaranone (IV; R = MeO)] or by simultaneous rearrangement and cyclisation ® of 
2-acetoxy-w-chloro-4 : 6-dimethoxyacetophenone (XI) induced by sodium acetate. 


ie) MeO 
CO-CO, Et = 2 


A 
> own) ° wan “aX 
Ll 
[ COMe iy 
CO-CH,Cl co 
(XI) (XII) (X11) (XIV) 
a oO ©, oR 
CHPh Lx 
Tx 
“SS O 
(XV) (XVID (XVII) 


Alkylation and addition reactions of the 2-acetylcoumaranones (VIII) and (X) were 
complicated by attack by air. Autoxidation of simple coumaranones was examined by 
von Auwers,’ who regarded (for example) the production of the acetate (XIII) from the 
2-methylcoumaranone (XII) as evidence for an intermediate of structure (XIV). When 
aerated, however, both 2-acetylcoumaranones (VIII) and (X) lost their acetyl groups to 
give the coumaran-2 : 3-diones (XV; R = Me or OMe) in which the link between C,.) and 
Cig) is intact. The dione (XV; R = Me) was characterised by its smooth conversion into 
2-hydroxy-4 : 6-dimethylbenzoic acid in alkaline hydrogen peroxide, whilst the dione 
(XV; R = MeO) was identified with an authentic specimen prepared by ozonolysis of 
the benzylidenecoumaranone*® (XVI). Autoxidations of this kind are now usually 


® Philbin, O’Sullivan, and Wheeler, /]., 1955, 860. 
7 von Auwers, Ber., 1910, 48, 2192. 
® Dumont and Tambor, Ber., 1910, 43, 1969. 








3114 Dean and Manunapichu : 


considered ® to involve hydroperoxides of type (XVII; R = OH) and it was therefore of 
interest that 2-acetyl-4 : 6-dimethoxycoumaran-3-one (X) gave, not only the dione (XV; 
R = OMe), but also the alcohol (XVII; R =H). The last compound had infrared bands 
(Nujol) at 3310 and 3270 (OH), 1724 (acetyl C:O), and 1686 cm.' (coumaranone C:O 
lowered by hydrogen bonding), and ultraviolet absorption close to that of 4 : 6-dimethoxy- 
coumaran-3-one; enolisable hydrogen was absent since, unlike its parent, it gave no 
immediate ferric reaction. In confirmation of structure (XVII; R =H) the derived 
acetate was also produced by reaction between the 2-acetylcoumaranone (X) and 
lead tetra-acetate. Autoxidation was not observed with any 2: 2-disubstituted 
coumaran-3-one. 

Alkylation of 2-acetylcoumaran-3-ones might give C-alkyl compounds of type (XVIII), 
and Q-alkyl compounds of types (XIX) and (XX), distinguishable by spectroscopic and 
chemical properties. Compounds (XVIII) had the same ultraviolet absorption spectrum 
as the parent coumaran-3-ones, whereas compounds (XIX) had spectra similar to those of 
2-acetylbenzofurans. Unfortunately, no model compound of type (XX) was available, 
but on general grounds its ultraviolet absorption was expected to differ from that of types 
(XVIII) or (XIX). In the infrared region, compounds with the grouping (XVIII) showed 
the expected dual absorption at (approximately) 1720 and 1698 cm.-', whilst those with 
the grouping (XIX) had but one band near 1670 cm.-', similar to that of an «f-unsaturated 
ketone. Conjugated ketones of type (XX) are usually considered }° to absorb below 
1640 cm.“! so that it was somewhat surprising to find that 2-benzylidene-4 : 6-dimethoxy- 
coumaran-3-one had carbonyl] absorption similar to that at 1698 cm.-! of simple coumaran- 
3-ones: double-bond absorption occurred at 1661 cm.-!. As an additional criterion, 
therefore, emphasis was placed on carbonyl derivatives, because coumaran-3-ones are 
well known !! for their unreactivity in this respect, whereas compounds with groupings 
(XVIII) and (XIX) gave monosemicarbazones and other derivatives without difficulty 
in virtue of their acetyl groups. In the event, compounds of types (XVIII) and (XIX) 
were formed, but compounds of type (XX) were not. 


OR fe) fe) Me fo) OQ. CHyCH:CH, 
| | COMe | , | 
COMe Wi OR Ac 
fe) OR Z. 


re) 
(XVII) (XIX) (XX) © xxD “XXII 
) ©. CHy-CoMe I> L ) QO. R 
COMe CH2°CH2"CN CH2-CO,R’ 
° ey, CH2"COMe re) 
(XXII1) (XXIV) (XXV) (XXVI) 
eO 1°) -CH>- O. _ 
CH2*CH2*CO,Me R CH2-CH,*COMe 
COMe COMe 
MeO O rR oO 
(XXVIII) (XXVIII) 


Methylation of 2-acetyl-4 : 6-dimethoxycoumaran-3-one (X) with methyl sulphate 
and aqueous alkali gave a product assigned structure (XXI) by means of the criteria 
discussed above. In contrast, there was no reaction between the dry sodium salt of 
the acetylcoumaranone (X) and methyl iodide, whilst with allyl bromide incursion of 


* Hawkins, Quart. Rev., 1950, 4, 251. 
1° Bellamy, ‘ The Infra-red Spectra of Complex Molecules,’ Methuen and Co., Ltd., London, 1954. 
11 (a) Mulholland, J., 1952, 3995; (b) Grove, MacMillan, Mulholland, and Rogers, J., 1952, 3949. 
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C-alkylation resulted in the diketone (XXII). With chloroacetone, O- and C-alkylation 
were concurrent, the products being the triketone (XXIII) and the benzofuran (XXIV). 
Cyanoethylation of 2-acetyl-4 : 6-dimethoxycoumaran-3-one (X) gave the dioxocyanide 
(XXV; R=Ac), hydrolysis of which supplied the monoadduct (XXV; R =H) not 
available directly from 4 : 6-dimethoxycoumaran-3-one (X). The cyanide band of (XXV; 
R = H) at 2257 cm.! was abnormally weak: similarly, the acetyl derivative (XXV; 
R = Ac) and even the dicyanide (V; R = MeO) had very weak cyanide bands; in 
spite of the greater distance between the interacting groups, this is probably related 
to the “ cyanide quenching ”’ noted in the acetates of cyanohydrins. 2-Acetyl-4 : 6- 
dimethylcoumaran-3-one (VIII) by cyanoethylation and hydrolysis led to the cyanide 
(XXV; R=H, Me for OMe). Obtained from the appropriate acetylcoumaranone 
(VIII) and ethyl bromoacetate, the ester (XXVI; R= Ac; R’ = Et) also lost its acetyl 
group when hydrolysed and furnished the acid (XXVI; R = R’ = H), whilst the ester 
(XXVII) and the triketones (XXVIII; R = Me or OMe) were available by reaction of 
the requisite coumaranones (VIII) and (X) with methyl acrylate and methyl vinyl ketone 
respectively. 

Of the many possibilities for ring-closure of these compounds to sfirocoumaranones, 
those needing basic reagents were discounted partly because of earlier failures and partly 
for fear of reversed Michael additions and of loss of the 2-acetyl groups. Indeed, no 
definite product was formed by sodium methoxide from the ketonic esters (XXVI; 
R = Ac, R’ = Et) and (X XVII) and, in basic media, the triketone (XXVIII; R = OMe) 
lost its acetyl group and cyclised (with rearrangement of the double-bond produced) to 
the benzofuran (XXIX) (cf. Henecka 7%). On the other hand, two types of compound 
appeared to be suitable for acid-induced cyclodehydration. Of these, (XXIII) would 
lead to compounds in the usnolic acid-group, and (XXVIII) to compounds in the griseo- 
fulvin group. The latter has now been examined. 


COMe 
©) ° 
MeO ° 
| | ° 
MeO ° Oo Me 
(XXIX) (XXX) (XX XI) 


Ring-closure could give products of the types (XXX), (XXXI), and (XXXII). The 
cyclised materials from the triketone (XXVIII; R = Me or OMe) had spectra showing 
that extended conjugated systems and isolated acetyl groups as in (XXX) were absent : 
further, the dimethoxy-product resembled griseofulvin (I) spectroscopically. Thus 
structure (XX XI) or (XXXII) was indicated, but differentiation between them was less 
easy. It had been found by Grove e¢ al. that, in the griseofulvin series, a 4’-carbonyl group 
[grisan numbering : see (I)] gave normal ketone reactions whereas a 2’-carbonyl group was 
unreactive. Although the dehydration product from (XXVIII; R =OMe) readily 
formed a 2 : 4-dinitrophenylhydrazone and resisted acid hydrolysis, structure (XX XI) was 
invalid because chromic acid did not give a quinone and because controlled oxidation 
conclusively favoured structure (XXXII): the product from (XXVIII; R = Me) is 
presumed to be constituted similarly. 

A diol was obtained by oxidation with zinc permanganate or (less satisfactorily) osmium 
tetroxide. Had this diol possessed structure (XX XIII), periodate must have produced 
from it the acid related to (XXVII). Now the triketone (XXVIII; R = OMe), the 
dicyanide (V; R = OMe), and the dehydration product of (XXVIII; R = OMe) were 
stable to periodate under the conditions used, so no further degradation of the acid (X XVII; 


12 Kitson and Griffith, Analyt. Chem., 1952, 24, 334. 
13 Henecka, Chem. Ber., 1948, 81, 197. 
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CO,H for CO,Me) was to be expected. However, periodate oxidation of the diol caused 
degradation to 2-hydroxy-4 : 6-dimethoxybenzoic acid (XXXVII) as the sole crystalline 
product (a non-volatile water-soluble ketone which unfortunately escaped characterisation 
is now thought to have been levulic acid or an equivalent). Thus the diol has structure 


e) oO o Me 
Oo O .@) OH 1°) 
Me O 


O OH 
H + , 
(XXXil) (XXXII) (XXXIV) 
O. CH2CH,- COMe OQ. CH,-CH,-COMe MeO OH 
| —> | aed co,H (XXXVE) 
fe) (XXXV) O (XXXVI) MeO 


? + OHC> CH,*CH,> COMe 


(XXXIV), and its oxidation involves the steps (XXXV) and (XXXVI). Periodates are 
able to oxidise coumaran-3-ones with at least one hydrogen atom in the 2-position : 
6-methoxycoumaran-3-one gave 2-hydroxy-4-methoxybenzoic acid, and 2-acetyl-4: 6- 
dimethoxycoumaran-3-one (X) gave 4: 6-dimethoxycoumaran-2 : 3-dione (XV; R= 
MeO) (cf. Wolfrom and Bobbitt 1), thus paralleling aerial oxidation. 

Hydrogenation of the grisen (XXXII) over palladium-charcoal furnished the grisan 
(XXXVIII) which unlike the derivative from griseofulvin 1* readily supplied a semi- 
carbazone, but as a $-diketone underwent alkaline hydrolysis in conditions in which 3 : 4’- 
dioxogrisans are stable: the hydrolysis product was extremely difficult to purify, but 
was essentially the expected acid (XX XIX). These conclusions were confirmed by the 
details kindly communicated to us by Dr. J. MacMillan and Dr. P. J. Suter who obtained 
the 3: 4’-dioxogrisan (XL) by degradation of dechlorogriseofulvin (see following paper). 

Hydrogenation of the spirocoumaranone (XXXII) on Raney nickel supplied two 
alcohols (XLI) both of which were oxidised to the ketone (XX XVIII) and so differed 


Meo “-° O. CH,—CH, o 
| Me | CHMe | O 
_ 4 
HO,C-CH, 
MO 0 O fe) O Me 
(XXXVIF) (XXXIX) (XL) 





(XLI) O HO oO (XLII) 


only in the configuration of the hydroxyl group. Spectra of the alcohols and the ketone 
were typical of coumaran-3-ones, confirming their spirocyclic structure since the derivatives 
of (XXX) must have had widely different properties. Finally, the alcohols (XLI) have 
been oriented tentatively. One, m. p. 163—165°, had an absorption band at 1698 cm."}; 
the other, m. p. 159—160°, at 1692 cm.“! (in solution). This bathochromic shift, typical 1° 
of non-conjugated hydrogen-bonding in hydroxy-ketones and also shown by the ketol 


1 Wolfrom and Bobbitt, J]. Amer. Chem. Soc., 1956, 78, 2489. 
15 Rasmussen, Tunnicliff, and Brattain, ibid., 1949, 71, 1068. 
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(XVII; R =H), is taken as indicating proximity of the two groups, as in (XLI). In 
agreement, this isomer is the more soluble in benzene and somewhat the lower-melting. 
If the cyclohexane has the usual chair form, the coumaranone-carbonyl group must be 
attached by an equatorial bond to avoid severe crowding. Then, for hydrogen-bonding, 
the hydroxyl group must be in this isomer, as in (XLII). No evidence regarding the 
disposition of the methyl group is to hand. 


EXPERIMENTAL 


Unless qualified, ‘“‘ light petroleum ”’ refers to the fraction of b. p. 60—80°, and infrared spectra 
were determined in Nujol mulls by means of a Grubb-Parsons double-beam spectrophotometer. 
Ultraviolet spectra were determined for ~10“m-solutions in alcohol. 

4: 6-Dimethylcoumaran-3-one (IV; R = Me) had Amex, 262, 328 my (log c 4-09, 3-70) and 
carbonyl absorption at 1701 cm."!. 

4 : 6-Dimethoxycoumaran-3-one (IV; R = OMe) had Amax. 283, 315 my (log ¢ 4-33, 3-73) 
and carbonyl absorption at 1698 cm."?. 

2 : 2-Di-2’-cyanoethyl-4 : 6-dimethylcoumaran-3-one (V; R = Me).—After addition of Triton 
B (2-5 ml.) to a stirred solution of 4: 6-dimethylcoumaran-3-one (4-9 g.) in freshly purified 
dioxan (14 ml.), introduction of vinyl cyanide (7 ml.) was regulated to avoid a rise in tem- 
perature beyond 45°. 4 hr. later, the mixture was acidified with dilute hydrochloric acid and 
diluted to 250 ml. to precipitate the product as a red mass which, when washed with water and 
crystallised from 95% alcohol, gave the dicyanide (V; R = Me) in rhombic prisms (6-5 g.), 
m. p. 96—97° (Found: C, 71-3; H, 6-0; N, 10-5. C,,H,,O,N, requires C, 71:6; H, 6-0; 
N, 10-4%). This was unaffected by lithium ethylanilide in ether during 4 hr. Using 1 equiv. 
of vinyl cyanide (0-6 g.) and 4: 6-dimethylcoumaran-3-one (2 g.) also gave the dicyanide 
(1 g.), m. p. and mixed m. p. 97°, and,unchanged coumaranone (0-7 g.). 

2 : 2-Di-2’-carboxyethyl-4 : 6-dimethylcoumaran-3-one (VI; R =Me, R’ = H).—When 
ammonia was no longer evolved from a mixture of the dicyanide (V; R = Me) (2 g.) and 2n- 
aqueous sodium hydroxide (25 ml.) at the b. p. (40 hr.), the solution was cooled, washed with 
ether, and acidified with dilute sulphuric acid. The precipitated acid formed needles (2-1 g.), 
m. p. 176—178°, from aqueous methanol (Found : C, 62-6; H, 6-1. C,gH,,0O, requires C, 62-7; 
H, 5-9%). It was recovered by extraction with aqueous sodium hydrogen carbonate of the 
mass formed when it was heated with acetic anhydride for 4 hr., then freed from reagent, and 
heated at 230° for 10 min. 

With ethereal diazomethane, this acid (2 g.) gave the dimethyl ester (VI; R = R’ = Me), 
needles (from dilute methanol) (1-9 g.), m. p. 104—105° [Found : C, 64-3; H, 6-7; OMe, 18-7. 
C,gH,,0,(OMe), requires C, 64-7; H, 6-6; OMe, 18-6%]. This ester (1 g.), in boiling benzene 
(25 ml.) containing powdered sodium (0-07 g.) and a drop of methanol, was unchanged after 
6 hr. apart from slight hydrolysis to the acid, m. p. and mixed m. p. 177°. 

2 : 2-Di-2’-cyanoethyl-4 : 6-dimethoxycoumaran-3-one (V; R = OMe).—4: 6-Dimethoxy- 
coumaran-3-one (2 g.) and vinyl cyanide (8 ml.) interacted in the presence of Triton B (1 ml.) 
as described for the 4: 6-dimethyl analogue. The dicyanide crystallised from methanol in 
needles (2-5 g.), m. p. 154—155° [Found: C, 63-8; H, 5-6; N, 9-4; OMe, 17-4. 
C,4H,90,N,(OMe), requires C, 64-0; H, 5-4; N, 9-3; OMe, 20-7%]. 

Ethyl 4 : 6-Dimethyl-3-oxocoumaran-2-glyoxylate (VII).—A solution of ethyl oxalate (4 g.) 
and 4 : 6-dimethylcoumaran-3-one (5 g.) in ether (100 ml.) was added gradually to a suspension 
of sodium ethoxide from sodium (0-7 g.) and magnesium-dried alcohol also in ether. After a 
further } hr. at room temperature, the insoluble sodium salt was collected, washed with ether, 
and decomposed by ice-cold dilute sulphuric acid to liberate a product which, purified from 
alcohol, gave the glyoxylate in yellow needles (4 g.), m. p. 113°, having a brown ferric reaction 
in alcohol and subliming unchanged when heated with powdered glass and iron filings under 
reduced pressure at 160° (Found: C, 63-9; H, 5-5; OEt, 15-5. C,,H,O,OEt requires C, 64-1; 
H, 5-4; OEt, 17-2%). 

2-Acetyl-4 : 6-dimethylcoumaran-3-one (VIII).—To a suspension of powdered sodium (1-5 g.) 
in boiling ether (50 ml.), magnesium-dried alcohol (3-8 ml.) was added during l hr. After a 
further 4 hr. at the b. p., the stirred mixture was treated with ethyl acetate (25 ml.) added in 
one portion, and then 4 : 6-dimethylcoumaran-3-one (10 g.) in ether (200 ml.) was added during 
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15 min.: } hr. later the precipitated sodium salt was collected and dissolved in water. When 
this solution was reddish, it was clarified with charcoal before liberation of the product by dilute 
sulphuric acid at 0°. When crystallised from alcohol, the precipitate supplied the acetyl- 
coumaranone (VIII) in needles (11-0 g.), m. p. 83°, with a green ferric reaction. Because of its 
instability in air, this compound gave erratic analytical results but its derivatives were com- 
paratively stable. The semicarbazone separated from alcohol in faintly yellow needles, m. p. 
206° (Found: C, 59-7; H, 5-8; N, 16-2. C,,;H,,O,N, requires C, 59-8; H, 5-8; N, 16-1%), 
and the 2: 4-dinitrophenylhydrazone from dioxan in scarlet needles, m. p. 224—226° (decomp.) 
(Found: C, 55-9; H, 4-2; N, 14-6. C,,H,,O,N, requires C, 56-3; H, 4:2; N, 14-6%). 

2-Acetyl-4 : 6-dimethoxycoumaran-3-one (X).—(i) 4: 6-Dimethoxycoumaran-3-one (2 g.) 
and sodium acetate (0-8 g.) in refluxing acetic anhydride (17 ml.) gave in } hr. a product, which 
when isolated by addition of crushed ice and purified from light petroleum (b. p. 40—60°) 
supplied 3-acetoxy-4 : 6-dimethoxybenzofuran (IX) as rhombs (1-5 g.), m. p. 71—72°, Amax. 256 mu 
(log « 4-15) (Found: C, 61-2; H, 5-0. C,,H,,O, requires C, 61-0; H, 5-1%). Isomerised by 
potassium carbonate (5 g.) in boiling benzene (20 ml.) during 5 hr., this acetate (3 g.) gave a 
potassium salt from an aqueous solution of which 2n-sulphuric acid freed 2-acetyl-4 : 6-di- 
methoxycoumaran-3-one (X) separating from alcohol in needles (0-9 g.), m. p. 110°, with a green 
ferric reaction [Found : C, 61-1; H, 5-2; OMe, 26-6. C, 9H,O,(OMe), requires C, 61-0; H, 5-1; 
OMe, 26:3%]. The 2: 4-dinitrophenylhydrazone crystallised from ethylene glycol dimethyl 
ether in dark red-brown needles, m. p. 219—220° (Found: C, 51-9; H, 40; N, 13-3. 
C,gsH,,O3N, requires C, 51-9; H, 3-9; N, 13-5%). 

(ii) Interaction of chloromethyl cyanide (5-4 ml.) and phloroglucinol dimethyl ether (10 g.) 
in ether (250 ml.) saturated with hydrogen chloride at 0° and containing zinc chloride (5 g.) 
gave in one day an aldimine hydrochloride which was hydrolysed in } hr. by boiling water and 
then, when fractionally crystallised from alcohol, supplied (as the less soluble component) 
«-chloro-2-hydroxy-4 : 6-dimethoxyacetophenone (5 g.), m. p. 149°, undepressed by a sample 
prepared according to directions of Freudenberg, Fikentscher, and Harder.'® The acetate (XI) 
formed plates, m. p. 86—87°, devoid of a ferric reaction, from benzene—light petroleum (Found : 
C, 52-9; H, 4-8; Cl, 12-9. C,,H,,0,Cl requires C, 52-8; H, 4-8; Cl, 130%). The more 
soluble product from the Hoesch reaction was purified from a small volume of alcohol and gave 
«-chloro-4-hydroxy-2 : 6-dimethoxyacetophenone as rhombs (4-5 g.), m. p. 188° (Found: C, 52-2; 
H, 4:8; Cl, 15-3. Cj, 9H,,0,Cl requires C, 52-1; H, 4-8; Cl, 15-4%), with a negative ferric 
reaction, and forming an acetate which crystallised from light petroleum in needles, m. p. 86° 
(Found: C, 53-1; H, 4-9; Cl, 12-8. C,,H,,;0,Cl requires C, 52-8; H, 4-8; Cl, 13-0%). 

The potassium salts obtained when the acetate (XI) (14:7 g.) was heated with potassium 
carbonate (68 g.) in boiling benzene (225 ml.) for 5 hr. were washed with ether and then with a 
small volume of water which removed much of the residual potassium carbonate. The 
remaining salts were treated in water with charcoal, whereafter acidification of the filtrate with 
2n-sulphuric acid precipitated 2-acetyl-4 : 6-dimethoxycoumaran-3-one (X) (8-7 g.) identical 
with material from (i) above. 

4 : 6-Dimethoxycoumaran-2 : 3-dione (XV; R = OMe).—During 1 hr. a stream of ozonised 
oxygen was passed through 2-benzylidene-4 : 6-dimethoxycoumaran-3-one ® (1 g.) in ethyl 
acetate (25 ml.) at 0°. The residue from evaporation of the solvent was digested with water 
producing a solid that, when washed with aqueous sodium hydrogen carbonate and then with 
a little alcohol, was purified from ethyl acetate, giving 4: 6-dimethoxycoumaran-2 : 3-dione 
(XV; R = OMe) in yellow needles (0-5 g.), m. p. 198—200°, having a reddish ferric reaction in 
alcohol [Found: C, 57-7; H, 3-8; OMe, 30-3. C,H,O,(OMe), requires C, 57-7; H, 3-9; 
OMe, 29-8%]. 

2-Acetoxy-2-acetyl-4 : 6-dimethoxycoumaran-3-one (XVII; R = Ac).—2 hr. after dropwise 
addition of a solution of lead tetra-acetate (0-9 g.) in the minimum of acetic acid to 2-acetyl- 
4 : 6-dimethoxycoumaran-3-one (0-5 g.), in acetic acid at 10°, removal of the solvent under 
reduced pressure left an oil which crystallised when its ethereal solution was allowed to evaporate. 
Purification of the solid from benzene-light petroleum (charcoal) supplied 2-acetoxy-2-acetyl- 
4 : 6-dimethoxycoumaran-3-one (XVII; R = Ac) in prisms (0-3 g.), m. p. 162—163° [Found : 
C, 57-0; H, 4-9; OAc, 29-0. C,9H,O,(OAc), requires C, 57-1; H, 4-8; OAc, 29-3%]. 

Autoxidation of 2-Acetyl-4 : 6-dimethoxycoumaran-3-one.—A solution of this coumaranone in 


16 Freudenberg, Fikentscher, and Harder, Annalen, 1925, 441, 168. 
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benzene or light petroleum soon gave a positive reaction with the starch—iodide reagent when 
kept in air. After 3 days (or 6 hr. when air was bubbled through the solution) the green ferric 
reaction given by the original material could no longer be detected, and partial crystallisation 
had occurred. Recrystallised from ethyl acetate, the product furnished 4: 6-dimethoxy- 
coumaran-2 : 3-dione in yellow needles, m. p. and mixed m. p. 196°. On evaporation the 
mother-liquors yielded colourless needles which, when separated by hand from the accompanying 
dione, crystallised from benzene-light petroleum giving 2-acetyl-2-hydroxy-4 : 6-dimethoxy- 
coumaran-3-one (XVII; R =H) in needles, m. p. 170—176° (decomp.) [Found: C, 57-0; 
H, 4:8; OMe, 23-89%; M (micro-Rast), 244. C, 9H,O,(OMe), requires C, 57-1; H, 4:8; OMe, 
24-6%; M, 252]. When kept with ferric chloride, an alcoholic solution of this substance 
developed a red-brown colour. It had ultraviolet absorption max. at 293, 325 my (log « 4-31, 
3-70), and infrared absorption at 3310 and 3270 (hydrogen-bonded OH), 1724 (aliphatic C:O), 
and 1686 cm. (coumaranone C:O with hydrogen bonding). With acetic anhydride containing 
a trace of sulphuric acid, this alcohol gave the acetate (XVII; R = Ac), m. p. and mixed m. p. 
162—163°. 

Autoxidation of 2-Acetyl-4 : 6-dimethylcoumaran-3-one.—After a few hours in contact with 
air, a solution of 2-acetyl-4 : 6-dimethylcoumaran-3-one in light petroleum (b. p. 40—60°) lost 
its green ferric reaction and liberated iodine from iodides. Removal of the solvent and 
crystallisation of the residue from light petroleum furnished 4: 6-dimethylcoumaran-2 : 3- 
dione in yellow needles, m. p. 145° (Fries }” gives m. p. 145°) (Found: C, 68-6; H, 4:7. Calc. 
for C,9H,O,: C, 68-2; H, 46%). From a solution of this dione in 2N-aqueous sodium 
hydroxide which had been treated for a few minutes with 1% hydrogen peroxide at 0°, acidific- 
ation liberated 2-hydroxy-4 : 6-dimethylbenzoic acid, m. p. and mixed m. p. 168°. 

2-Acetyl-3 : 4 : 6-trimethoxybenzofuran (XXI).—Methy] sulphate was added in small portions 
and with agitation to 2-acetyl-4: 6-dimethoxycoumaran-3-one (1 g.) dissolved in alcohol 
(15 ml.) containing 2N-sodium hydroxide (10 ml.), further quantities of base being added inter- 
mittently. When the mixture remained clear in the presence of an excess of alkali, it was 
diluted with water until precipitation was complete. Purified from light petroleum, the 
deposit gave 2-acetyl-3 : 4 : 6-trimethoxybenzofuran (XXI) in needles (0-5 g.), m. p. 133°, Amax. 
248, 328 muy (log « 4-19, 4-35) [Found: C, 62-6; H, 5-7; OMe, 37-0. C,9H,;O,(OMe),; requires 
C, 62-4; H, 5-6; OMe, 37-2%]. The semicarbazone separated from methanol in needles, m. p. 
234° [Found: C, 55-0; H, 5-6; N, 14:0; OMe, 30-1. C,,H,0,N,;(OMe), requires C, 54-7; 
H, 5-6; N, 13-7; OMe, 30-3%]; the 2: 4-dinitrophenylhydrazone crystallised from benzene in 
red needles, m. p. 236° [Found: 53-7; H, 4:2; N, 13-1; OMe, 20-7. C,,H,O;N,(OMe),; 
requires C, 53-0; H, 4-2; N, 13-0; OMe, 21-6%]. 

2-A cetyl-2-allyl-4 : 6-dimethoxycoumaran-3-one (XXII).—For this and similar alkylations 
the sodium salt of 2-acetyl-4 : 6-dimethoxycoumaran-3-one was prepared by addition of the 
requisite amount of alcoholic sodium ethoxide to a solution of the $-diketone in warm alcohol 
and then separated in a finely divided state suitable for desiccation at 100° before use. 

The sodium salt (2 g.) of 2-acetyl-4 : 6-dimethoxycoumaran-3-one was heated under reflux 
with allyl bromide (10 ml.) for 3 hr. After distillation of the excess of allyl bromide, the 
residue was washed with a little water and then crystallised from alcohol in needles (1-8 g.), 
m. p. 119—120°, Amax. 288, 325 my (log e 4-31, 3-69) [Found: C, 65-3; H, 6-1; OMe, 23-4. 
C13H,90;(OMe), requires C, 65-2; H, 5-8; OMe, 22-5%], CO bands at 1698 and at 1718 cm.*} 
(weak). The 2: 4-dinitrophenylhydrazone formed orange rhombs, m. p. 190°, from alcohol 
[Found: N, 12-2; OMe, 13-7. C,,H,,0,N,(OMe), requires N, 12-3; OMe, 13-6%], and the 
semicarbazone crystallised from dilute alcohol in needles, m. p. 226—227° [Found: N, 12-7; 
OMe, 18-6. C,,H,;0;N,;(OMe), requires N, 12-6; OMe, 18-6%]. 

2- Acetonyl-2-acetyl-4 : 6-dimethoxycoumaran-3-one (XXIII).—Isolated with ether, the 
product obtained by addition of water to a mixture of the sodium salt (2 g.) of 2-acetyl-4 : 6- 
dimethoxycoumaran-3-one and chloroacetone (8 ml.) which had been kept at 120° for 3 hr. was 
treated at 100° in vacuo to remove the excess of chloroacetone. The liquid residue was taken 
up in ether and kept at 0° until partial crystallisation occurred, after which evaporation of the 
filtrate and trituration of the viscous residue with a little methanol gave further quantities of 
solid which were combined with the original crystalline precipitate (combined yield, 1-5 g.). 
Aided by hand picking, fractional crystallisation of the solid from methanol gave two products. 


17 Fries, Annalen, 1925, 442, 262. 
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2-A cetonyl-2-acetyl-4 : 6-dimethoxycoumaran-3-one (XXIII) formed plates, m. p. 157°, Amax. 288, 
325 my (log ¢ 4:35, 3-72) [Found: C, 61-7; H, 5-7; OMe, 21-4. C,3;H, 9O,(OMe), requires 
C, 61-6; H, 5-5; OMe, 21-2%], and showed one broad band at 1701 cm.' attributed to un- 
resolved carbonyl peaks; the 3-acetonyloxy-2-acetyl-4 : 6-dimethoxybenzofuran (XXIV) formed 
needles, m. p. 116—117°, Amax, 248, 328 my (log ¢ 4-20, 4-32) (Found: C, 61-3; H, 5-5; OMe, 
21-1), the infrared spectrum of which had one peak at 1736 cm.“ (aliphatic CO with an electro- 
negative a-substituent) and a second at 1661 cm.~! (C:O of 2-acetylbenzofuran). 

2-2’-Cyanoethyl-4 : 6-dimethoxycoumaran-3-one (XXV; R = H).—Vinyl cyanide (10 ml.) 
was added gradually and with stirring to 2-acetyl-4 : 6-dimethoxycoumaran-3-one (6 g.) in 
dioxan (40 ml.) containing Triton B (2-5 ml.). After 3 hr., the product resulting from acidific- 
ation and dilution was washed with a little ether and purified from dilute alcohol, giving the 
2-2’-cyanoethylcoumaran-3-one (XXV; R = Ac) in needles (5-5 g.), m. p. 140°, with a negative 
ferric reaction [Found: C, 62-0; H, 5-4; N, 4:8; OMe, 21-7. C,,;H,O,;N(OMe), requires 
C, 62-3; H, 5-2; N, 4-8; OMe, 21-4%], infrared bands at 2257 (CIN), 1715 (COMe), and 1704 
cm.-! (coumaranone C:O). The 2: 4-dinitrophenylhydrazone separated from alcohol in orange- 
yellow needles, m. p. 195° [Found : C, 53-4; H, 4:3; N, 15-1; OMe, 13-7. C,9H,;0,N,;(OMe), 
requires C, 53-7; H, 4-1; N, 14-9; OMe, 13-2%], and the semicarbazone in rhombs, m. p. 234°, 
from aqueous alcohol [Found: N, 16-1; OMe, 18-0. C,,H,,03;N,(OMe), requires N, 16-2; 
OMe, 17-9%]. 

This coumaranone (0-5 g.) was heated under reflux with water (30 ml.) and sulphuric acid 
(5 ml.) forl hr. Isolated by decantation, the residue was washed with aqueous sodium hydrogen 
carbonate and crystallised from dilute alcohol or benzene—light petroleum, giving 2-2’-cyano- 
ethyl-4 : 6-dimethoxycoumaran-3-one (XXV; R = H) in prisms (0-3 g.), m. p. 123°, which did 
not give the usual carbonyl derivatives [Found: C, 63-0; H, 5-5; N, 5-7; OMe, 24-5. 
C,,H,O,N(OMe), requires C, 63-2; H, 5-3; N, 5-7; OMe, 25-1%] and had infrared peaks at 
2249 (CIN) and 1698 cm.~! (coumaranone C°0O). 

2-2’-Cyanoethyl-4 : 6-dimethylcoumaran-3-one (XXV; R =H, Me for OMe).—Vinyl 
cyanide (4 ml.) and 2-acetyl-4 : 6-dimethylcoumaran-3-one (2 g.) in dioxan (6 ml.) containing 
Triton B (2 ml.), gave, as above (4 hr.) a product, isolated with ether, which distilled 
at 60—70°/0-001 mm. and then solidified in contact with 2N-aqueous sodium hydroxide. 
Recrystallisation from alcohol gave the 2-cyanoethylcoumaranone in needles (1-0 g.), m. p. 108°, 
devoid of carbonyl activity (Found: C, 72-5; H, 5-8; N, 6-4. C,3;H,,;0,N requires C, 72-5; 
H, 6-1; N, 6-5%). 

Ethyl 2-Acetyl-4 : 6-dimethyl-3-oxocoumaran-2-ylacetate (KXVI; R = Ac, R’ = Et).—The 
sodium salt (4-4 g.) of 2-acetyl-4 : 6-dimethylcoumaran-3-one was kept with ethyl bromo- 
acetate (5 ml.) at 145° for 3hr. Water (25 ml.) was added and the product, isolated with ether, 
was heated on the steam-bath in vacuo to remove volatile material. Distillation of the residue 
supplied a fraction, b. p. 148—152°/0-05 mm., which was devoid of a ferric reaction and, 
when further purified by chromatography from benzene on a column of “ acid’ aluminium 
oxide followed by re-distillation, gave the ethyl ester as a pale yellow viscous oil, b. p. 150°/0-05 
MM., Amax. 267, 328 my (log e 4-13, 3-68) (Found: C, 66-2; H, 6-1; OEt, 15-7. C,,H,,0,-OEt 
requires C, 66-2; H, 6-2; OEt, 15-5%), having infrared peaks at 1761 (ester) and 1718 cm.! 
(unresolved carbonyl bands). From alcohol, the semicarbazone was obtained as plates, m. p. 
214° (Found: C, 58-8; H, 6-0; N, 12:2; OEt, 13-9. C,;H,,O,N,°OEt requires C, 58-8; 
H, 6-1; N, 12-1; OEt, 13-0%). 

Hydrolysed by 20% hydrochloric acid (120 ml.) at the b. p. for 1 hr., the ester (1 g.) gave 
the acid (XXVI; R = R’ = H), isolated with ether and sodium hydrogen carbonate solution, 
and crystallising from dilute alcohol in needles (0-6 g.), m. p. 139° (Found: C, 65-5; H, 5-7. 
Cy2H 4,0, requires C, 65-4; H, 5-5%). 

Methyl -(2-Acetyl-4 : 6-dimethoxy-3-oxocoumaran-2-yl) propionate (XXVII).—Triton B (1-5 
ml.), 2-acetyl-4 : 6-dimethoxycoumaran-3-one (3 g.) and methyl acrylate (6 ml.) in dioxan 
(18 ml.) (5 hr.) led, as above, to a solid that, purified from light petroleum, gave the propionate 
(X XVII) in needles (2-8 g.), m. p. 92°, having a negative ferric reaction and Amax, 288, 325 mp 
(log ¢ 4-33, 3-69) [Found: C, 59-5; H, 5-8; OMe, 28-9. C,,;H,O,(OMe), requires C, 59-6; 
H, 5-6; OMe, 28-9%]: the infrared spectrum possessed the expected peaks at 1748 
(ester) and 1706 cm."! (unresolved C:O absorptions). The 2: 4-dinttrophenylhydrazone 
separated from alcohol in needles, m. p. 166° [Found: C, 52-7; H, 4-5; N, 11-0; OMe, 
18-6. Cy H,,0,N,(OMe), requires C, 52-6; H, 4:4; N, 11-2; OMe, 18-56%]; the semicarbazone 
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formed prisms, m. p. 214—216°, from alcohol [Found : N, 10-8; OMe, 24-6. C,,H,,0,N;(OMe),; 
requires N, 11-1; OMe, 24-6%]. 

2-Acetyl-2-3’-ox0-n-butyl-4 : 6-dimethylcoumaran-3-one (KXVIII; R = Me).—The dropwise 
addition of aqueous methyl vinyl ketone (azeotropic mixture; 6 ml.) to a stirred solution of 
2-acetyl-4 : 6-dimethylcoumaran-3-one (6-2 g.) and Triton B (1-5 ml.) in dioxan (20 ml.) was 
conducted under nitrogen. 4 hr. later, the mixture was acidified with dilute hydrochloric 
acid and poured into water (400 ml.). In ethereal solution, the product was washed with 
aqueous sodium hydrogen carbonate and then with water, dried (MgSO,), and distilled. The 
fraction (7-6 g.), b. p. 135—139°/0-1 mm., was purified from benzene on aluminium oxide and 
then, when redistilled, gave the 2-3’-ox0-n-butylcoumaranone (XXVIII; R = Me) asa yellowish 
oil, b. p. 136—138°/0-1 mm., Amax. 275, 340 my (log « 4-10, 3-60) (Found: C, 70-2; H, 6-3. 
C,,H,,0, requires C, 70-1; H, 6-6%). In the carbonyl stretching region, this triketone had 
but one very broad band at 1701 cm."?. 

4:6: 4’-Trimethylgris-3'-en-3 : 2’-dione (XXXII; Me for OMe).—(i) Sulphuric acid (2-5 ml.) 
was cautiously added to the foregoing oxo-n-butylcoumaranone (0-8 g.) at 0°. Two days later, 
addition of iced water precipitated a product which, after being separated by decantation and 
ground with dilute alcohol, crystallised from alcohol yielding the grisendione as rhombs (0-4 g.), 
m. p. 139°, Amax. 248, 260, 330 my (log e 4-27, 4-26, 3-68) (Found: C, 75-2; H, 6-3. C,,H,,0; 
requires C, 75-0; H, 63%). The infrared spectrum included peaks at 1701 (coumaranone 
C:O) and 1669 cm.-! («$-unsaturated C:O). From alcohol the 2: 4-dinitrophenylhydrazone 
formed orange-red needles, m. p. 188° (Found: C, 60-5; H, 4-7; N, 12-6. C,,H,9O,N, requires 
C, 60-5; H, 4-6; N, 12-8%). 

(ii) When the 2-3’-oxo-n-butylcoumaranone (1-5 g.) was slowly distilled at 20 mm. from a 
pad of glass wool the distillate partially solidified. The solid crystallised from alcohol, giving 
the grisendione (XXXII; Me for OMe) in rhombs (0-4 g.), m. p. 139°, not depressed on 
admixture with a specimen from (i). 

2-A cetyl-2-3'-ox0-n-butyl-4 : 6-dimethoxycoumaran-3-one (XXVIII; R = OMe).—During 10 
min. aqueous methyl vinyl ketone (azéotropic mixture; 5 ml.) was added dropwise and with 
agitation to 2-acetyl-4 : 6-dimethoxycoumaran-3-one (5 g.) in dioxan (30 ml.) containing 
Triton B (2 ml.). 4-5 hr. later, the acidified (hydrochloric acid) mixture was poured into water 
(300 ml.). Next day, the deposit was washed with a little ether and then purified from benzene— 
light petroleum giving the 2-3’-ovo-n-butylcoumaranone (XXVIII; R = OMe) in rhombs 
(5-4 g.), m. p. 117°, Amax. 288, 325 my (log e 4-34, 3-69), which gave no colour with ferric chloride 
[Found : C, 62-7; H, 5-9; OMe, 20-1. C,,H,.0O,(OMe), requires C, 62-7; H, 5-9; OMe, 20-3%]. 
In the infrared region, this compound had very broad unresolved carbonyl absorption at 
1698 cm."}. 

1: 2:3: 4-Tetrahydro-5 : 7-dimethoxy-3-oxodibenzofuran (XXIX).—The foregoing oxo-n- 
butylcoumaranone (0-5 g.) was boiled with 2N-aqueous sodium hydroxide (25 ml.) under nitrogen 
for 1 hr. ; thelarge lumps which formed were occasionally pulverised before the reaction was allowed 
tocontinue. Whencold, the solid was washed with water and then with a little alcohol; recrystal- 
lisation from alcohol furnished the dibenzofuran (X XIX) in needles (0-3 g.), m. p. 168—170°, 
Amax. 257 mu (log « 4:20) [Found: C, 67-8; H, 5-7; OMe, 25-5. C,.H,O,(OMe), requires 
C, 68-3; H, 5-7; OMe, 25-5%]. Orange needles, m. p. 232°, were obtained when the 2: 4-dinitro- 
phenylhydrazone crystallised from benzene [Found: C, 56-2; H, 4:4; N, 13-1; OMe, 14-5. 
C,3H,,.0,;N,4(OMe), requires C, 56-3; H, 4:3; N, 13-1; OMe, 14-6%]. 

4 : 6-Dimethoxy-4’-methylgris-3'-en-3 : 2’-dione (XX XII).—Cyclisation of 2-acetyl-2-3’-oxo- 
butyl-4 : 6-dimethoxycoumaran-3-one (6-7 g.) was effected with sulphuric acid (27 ml.) as for 
the dimethyl analogue. The product was purified from alcohol, giving the dimethoxygrisendione 
in rhombs (4-2 g.), m. p. 178°, Amax. 223, 240, 287, 325 (log « 4-36, 4:21, 4-32, 3-61) [Found : 
C, 66-4; H, 5-6; OMe, 21-4; C-Me, 5-0%; M (micro-Rast), 299. C,,H, 9O,;(OMe), requires 
C, 66-7; H, 5-6; OMe, 21-5; C-Me, 5-2%; M, 288]. The infrared spectrum was devoid of 
hydroxyl absorption but possessed carbonyl peaks at 1698 and 1669 cm.!. This compound 
reacted rapidly with bromine water and with neutral permanganate but did not affect Fehling’s 
solution or ferric chloride in alcohol. It was insoluble in cold 3N-aqueous sodium hydroxide 
and was recovered when boiled with 20% sulphuric acid for 2 hr. The 2: 4-dinitrophenyl- 
hydrazone crystallised from benzene—light petroleum in orange needles, m. p. 222—-225° [Found : 
C, 56-3; H, 4:3; N, 11-9; OMe, 12-6. C.9H,,OgN,(OMe), requires C, 56-4; H, 4-3; N, 12-0; 
OMe, 13-2%}. 
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2’-Hydroxy-4 : 6-dimethoxy-4'-methylgvisan-3-one (a- and §-forms) (XLI).—The above 
dimethoxygrisendione (1 g.) in ethyl acetate (250 ml.) or alcohol (250 ml.) was shaken with 
Raney nickel (1-5 g.) in hydrogen under ordinary conditions. Theinitial rapid absorption stopped 
after 15 min., when 2 mols. had been taken up, whereafter removal of the catalyst and the 
solvent left a residue which at first dissolved in benzene (5 ml.) but then partly separated again. 
The precipitate was washed with benzene and recrystallised from the same solvent, giving the 
a-hydroxygrisanone (XLI) in needles (0-5 g.), m. p. 163—165°, unaffected by recrystallisation 
from alcohol [Found : C, 65-8; H, 6-9; OMe, 21-1. C,,H,,0;(OMe), requires C, 65-7; H, 6-9; 
OMe, 21-2%]. This isomeride had Amax, 283, 325 my (log ¢ 4-34, 3-64) and infrared bands at 
3430 (OH) and 1698 cm.-! (coumaranone C:0O). 

From the benzene mother-liquors, light petroleum precipitated the isomeric 8-hydroxy- 
grisanone (XLI) which, when purified from benzene-light petroleum and then from light 
petroleum (b. p. 80—100°), formed plates (0-3 g.), m. p. 159—-160°, markedly depressed by 
admixture with the a-isomeride (Found: C, 65-8; H, 6-9; OMe, 21-2%). This alcohol had 
Amax. 283, 315 my (log ¢ 4-33, 3-70) and infrared bands in Nujol at 3430 (OH) and 1681 cm. 
(hydrogen-bonded co1maranone C:O) or in CHCl, at 3600 and 3425 (OH) and 1692 cm. 
(hydrogen-bonded coumaranone C°0O). 

4 : 6-Dimethoxy-4'-methylgrisan-3 : 2’-dione (XX XVIII).—(i) A solution of chromic oxide 
(0-3 g.) in acetic acid (3 ml.) and water (0-8 ml.) was gradually added to the «-hydroxygrisanone 
(0-32 g.) in warm acetic acid (7-5 ml.). 1 hr. later, the grisandione was precipitated by dilution 
and, when purified from alcohol, formed rhombs (0-15 g.), m. p. 186—187°, Amax. 285, 320 mp 
(log ¢ 4:31, 3-71) [Found: C, 66-5; H, 6-2; OMe, 21-6. C,,H,,0;(OMe), requires C, 66-2; 
H, 6-3; OMe, 21-4%]. The infrared spectrum possessed peaks at 1724 (cyclohexanone C:O) 
and 1698 cm.-! (coumaranone C°0O). 

(ii) The same diketone, m. p. and mixed m. p. 186—187°, resulted in similar yield when the 
8-hydroxygrisanone was oxidised by the same method. 

(iii) 4 : 6-Dimethoxy-4’-methylgris-3’-en-3 : 2’-dione (1-0 g.) in alcohol (150 ml.) was shaken 
under hydrogen with 2% palladium-—charcoal (0-5 g.). The rapid uptake of hydrogen ceased 
after the absorption of 1 mol. (ca. 80 ml.). The grisandione (X XXVIII) was isolated in the 
usual way and formed prisms (0-7 g.), m. p. and mixed m. p. 187°. The semicarbazone formed 
prisms, m. p. 264° (decomp.), from aqueous methanol (Found: C, 58-9; H, 6-3; N, 11-8. 
C,,H,,0;N,; requires C, 58-8; H, 6-1; N, 12-1%). The 2: 4-dinitrophenylhydrazone decom- 
posed when attempts were made to crystallise it. 

Hydrolysis of 4 : 6-Dimethoxy-4’-methylgrisan-3 : 2’-dione.—The dione (200 mg.) in methanol 
(8 ml.) was kept at 80° with N-aqueous sodium hydroxide (5 ml.) under nitrogen for } hr., 
giving a solution which was concentrated to 4 ml. in vacuo, cooled, and acidified with dilute 
hydrochloric acid. The gummy precipitate slowly became granular and when crystallised 
from acetone-light petroleum formed needles, m. p. ca. 140° (110 mg.), and prisms, m. p. ca. 114° 
(53 mg.), which were separated by hand. Neither product could be satisfactorily recrystallised, 
but neither reacted with 2 : 4-dinitrophenylhydrazine sulphate or gave a ferric reaction. The 
needles, m. p. 140°, were soluble in aqueous sodium hydrogen carbonate and are considered 
to be impure acid (XX XIX) (Found: C, 61-3; H, 6-4%; equiv., 299. Calc. for C,;H,,0,°CO,H: 
C, 62-3; H, 65%; equiv., 308). This material had Amax. 283, Aing, 312 my (log ¢ 4-29, 3-73). 
The prisms were not soluble in sodium hydrogen carbonate solutions but dissolved in aqueous 
sodium hydroxide (Found: C, 60-9; H, 6-4%). 

3’ : 4’-Dihydroxy-4 : 6-dimethoxy-4’-methylgrisan-3 : 2’-dione (XXXIV).—(i) The mixture 
obtained by the gradual addition of zinc permanganate (1-2 g.) in water (150 ml.) to the di- 
methoxydioxogrisen (XXXII) (1-2 g.) in acetone (80 ml.) was kept for 2-5 hr. before filtration 
and leaching of the residue with acetone. When evaporated, the combined acetone filtrates 
yielded a crude solid which was washed with aqueous sodium hydrogen carbonate (15 ml.) and 
then fractionally crystallised from alcohol, giving unchanged dione. (0-2 g.), m. p. and mixed 
m. p. 178°, as the less soluble component, and, as the more soluble component, the diol (XXXIV) 
crystallising from dilute alcohol or benzene in needles (0-5 g.), m. p. 198—201° [Found : C, 59-9; 
H, 5:7; OMe, 17-5; active H (Zerewitinov), 0-60. C,gH, 90O;(OH),(OMe), requires C, 59-6; 
H, 5-6; OMe, 19-3; active H, 0-62%]. The infrared spectrum had peaks at 3430 (OH), 1712 
(cyclohexanone C:O), and 1686 cm.-! (coumaranone C:0O). 

(ii) Interaction of the dimethoxydione (XXXII) (0-5 g.) in pyridine (5 ml.) with ethereal 
osmium tetroxide (0-5 g.) was complete in 12 hr. The product was taken up in hot methanol 
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(5 ml.) through which sulphur dioxide was being bubbled and the solution was clarified by use 
of a short column of alumina. The eluate was evaporated, leaving a dark residue which, after 
several recrystallisations (charcoal) from dilute alcohol, gave the diol (XXXIV) (0-05 g.), m. p. 
and mixed m. p. 198—201°. 

Periodate Oxidations.—(i) 6-Methoxycoumaran-3-one (1-6 g.) in 50% acetic acid (10 ml.) 
was kept under nitrogen with sodium paraperiodate (7-2 g.) in the same solvent (40 ml.). After 
a few hr. in darkness the mixture had become brown and iodic acid had separated. Next day 
the solution was decanted and diluted with ether (200 ml.). After having been washed with 
water (5 x 15 ml.), the ethereal solution was extracted with small quantities of 2N-sodium 
hydroxide, and the earlier extracts, which were reddish and nearly neutral, were rejected. 
Further treatment with alkali produced striking colour changes to green and dark red: when 
no further change occurred the ether contained almost no neutral material. Acidification of 
the extracts furnished a dark mass which was dried and purified on a silica column from a chloro- 
form solution. The earlier eluates contained a brownish acidic solid which was purified by 
reprecipitation from its solution in aqueous sodium hydrogen carbonate and then crystallised 
from water (charcoal), giving 2-hydroxy-4-methoxybenzoic acid in needles (118 mg.), m. p. and 
mixed m. p. 159°, having an intense purple ferric reaction. 

(ii) When 2-acetyl-4 : 6-dimethoxycoumaran-3-one (1-2 g.) was dissolved in 50% acetic acid 
(20 ml.) and kept under nitrogen with sodium paraperiodate (4-1 g.) in the same solvent (30 ml.), 
a yellow colour developed rapidly. 2 hr. later, the decanted solution was mixed with equal 
volumes of ether and water, and the ethereal layer was freed from acetic acid by means of sodium 
hydrogen carbonate. When evaporated, the ethereal solution gave a gum which was chromato- 
graphed on a silica column from a benzene solution. Evaporation of the earlier eluates furnished 
a yellowish mass which, purified from ethyl acetate, gave 4: 6-dimethoxycoumaran-3-one in 
needles, m. p. and mixed m. p. 198—200°. 

(iii) No change could be detected when 2: 2-di-2’-cyanoethyl-4 : 6-dimethoxycoumaran-3- 
one {V; R = MeO), 2-acetyl-2-3’-oxo-n-butyl-4 : 6-dimethoxycoumaran-3-one (XVIII), or 
4: 6-dimethoxy-4’-methylgris-3’-en-3 : 2‘-dione (XXXII) was kept for 3 days in 50% acetic 
acid with an excess of sodium paraperiodiate as described in (i) and (ii). 

(iv) Dissolved in acetic acid (2 ml.), the diol (XXXIV) (200 mg.) was treated with sodium 
paraperiodate (350 mg.) in 50% acetic acid (3 ml.). Next day, the diluted solution was extracted 
with ether, evaporation of which then gave a semisolid mass almost entirely soluble in aqueous 
sodium hydrogen carbonate. Regained by acidification and purified from aqueous alcohol 
(charcoal), this material gave 2-hydroxy-4 : 6-dimethoxybenzoic acid in needles (60 mg.), 
m. p. and mixed m. p. 145°. 

With 2: 4-dinitrophenylhydrazine sulphate, the ether-extracted aqueous solution gave a 
copious light yellow precipitate which later resinified, but the agent responsible was not volatile 
in a current of air and appeared to decompose when attempts were made to isolate it by 
exhaustive extraction with ether. 


The authors thank Professor A. Robertson for his interest in this work. The analyses were 
performed by Mr. A. S. Inglis, M.Sc., and his associates in this Department. 
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608. Griseofulvin. Part XI.* 4: 6-Dimethoxy-2'-methylgrisan- 
3 : 4’-dione. 
By J. MACMILLAN and P. J. SuTER. 
Dechlorogriseofulvin (I; R = H) has been degraded to 4 : 6-dimethoxy- 
2’-methylgrisan-3 : 4’-dione (II; R =H) which is not identical with the 
tricyclic spirandione, synthesised by Dean and Manunapichu.* 





IN connexion with the synthetic work described in the preceding paper,' dechloro- 
griseofulvin (I; R =H) was converted into 4 : 6-dimethoxy-2’-methylgrisan-3 : 4’-dione 
(II ; R = H) by the method described by Mulholland ? for degrading griseofulvin (I; R = Cl) 
to the dione (II; R = Cl). 


MeO OMe MeO ao OMe 
CO ¢=cH £O  cH,-cH CO cH 
o ali Ute Yes OF pain. 
KX - : ee KK £0 
aaa Of CH-CH; MeO 0” CH-CH, MeO O° CH-CH, 
i 
Me R Me Me 
(1) (11) (III) 
“a MeO co oN 
CH=CH CH-CH, 
/ \ 7 x 
Ka 5 } a 
M0 oO” ‘CH-CH, +O O° CH-CH, 
iV) Me Me (V) 


Dechlorogriseofulvin rapidly absorbed hydrogen in the presence of palladium-charcoal. 
Interruption of reduction when 1-3 mols. of hydrogen had been absorbed afforded the 
dihydro-derivative (III). In an experiment where dechlorogriseofulvin was allowed to 
absorb 2-6 mols. of hydrogen, the dihydro-derivative (III) was not isolated; instead, the 
hydrogenolysis product (V) and the unsaturated ketone (IV) were obtained. The latter 
product must have arisen from the dihydro-derivative (III) during working up, being readily 
obtained from it by treatment with acid. Hydrogenation of the unsaturated ketone (IV) 
with palladium-—charcoal yielded the required 4 : 6-dimethoxy-2’-methylgrisan-3 : 4’-dione 
(II; R = H) which was distinct from the synthetic tricyclic spirandione described in the 
preceding paper by Dean and Manunapichu.} 


EXPERIMENTAL 


Microanalyses are by Messrs. W. Brown and A. G. Olney. M. p.s are corrected.. In chrom- 
atography B.D.H. alumina was rendered alkali-free (pH 4) and activated for 3 hr. at 
250°/15 mm. The infrared spectra were measured with a Grubb-Parsons S 3A spectrometer 
on “Nujol” mulls. The ultraviolet spectra were determined in ethanol with a Unicam S.P. 500 
spectrophotometer. 

Reduction of Dechlorogriseofulvin.—(a) Dechlorogriseofulvin (3-0 g.) in ethyl acetate (300 ml.) 
was shaken in hydrogen at room temperature and pressure in the presence of a catalyst prepared 
by heating palladium chloride (1-5 g.) and water (135 ml.) to the b. p., cooling the solution, and 
adding charcoal (2 g.). Reduction was stopped when 1-3 mols. of hydrogen had been absorbed 
(5 min.). Working up in the usual way yielded a gum (3-01 g.) which, in methanol, slowly 
deposited 4 : 6 : 6’-trimethoxy-2’-methylgrisan-3 : 4’-dione (III) as prisms (1-49 g.), m. p. 167— 
168°, [a]? —12° (c 0-91 in CHCI,) (Found: C, 64-1, 64-15; H, 6-5, 6-3. C,,H, O, requires C, 


* Part X, J., 1956, 1956. 


’ Dean and Manunapichu, preceding paper. 
* Mulholland, J., 1952, 3994. 
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63-75; H, 6-3%). The infrared spectrum showed absorption bands at 1716 and 1692 cm.“} in 
the double-bond stretching region. 

Recovery of the methanolic mother-liquors gave a gum (1-33 g.) which was chromatographed 
on alumina (12 x 1-5 cm.) from benzene, eluates fluorescing as follows in ultraviolet light : 
(1) blue; benzene eluted a gum (283 mg.); (2) dark blue; benzene eluted a gum (551 mg.) 
which gave a little crude dihydro-derivative (III) on trituration with ether; (3) pale blue; 
benzene—methanol (99:1) eluted a gum (466 mg.) which from methanol yielded dechloro- 
griseofulvin (9 mg.), m. p. and mixed m. p. 178—180°, and the dihydro-derivative (III) which 
was combined with that obtained from band (2) and crystallised from methanol in prisms 
(49 mg.), m. p. 167—168°. 

(b) Dechlorogriseofulvin (1-0 g.) in ethyl acetate (100 ml.) was hydrogenated as in (a) with a 
catalyst prepared from palladium chloride (0-5 g.), water (45 ml.), and charcoal (2-0 g.). 
Reduction was stopped when 2-6 mols. of hydrogen had been absorbed (40 min.). The crude 
product (1-0 g.), in benzene (40 ml.), was chromatographed on alumina (20 x 2-5cm.); ether- 
light petroleum (b. p. 40—60°) (1: 1) eluted as main band a gum (312 mg.) which crystallised 
from light petroleum (b. p. 80—100°) in prisms (210 mg.), m. p. 100—102°. Rechromatography 
on alumina and elution of the main band fluorescing bright blue gave 4: 6 : 6’-tvimethoxy-2’- 
methylgrisan-3-one (V), crystallising from light petroleum (b. p. 80—100°) in prisms, m. p. 110— 
111°, absorption at 1692 cm. in the double-bond stretching region (Found: C, 66-3; H, 7-3. 
C,,H.,0; requires C, 66-65; H, 7-2%). 

The gums from subsidiary bands in the first chromatogram were combined and rechrom- 
atographed on alumina in benzene. Elution of the narrow band fluorescing blue with ether-— 
methanol (99: 1) afforded 4 : 6-dimethoxy-6’-methylgris-2’-en-3 : 4’-dione (IV) which crystallised 
from methanol in prisms (146 mg.), m. p. 149—151°, [a]? +465° (c 0-95 in CHCI,) (Found: C, 
66-7; H, 5-7. Cy, gH,,O,; requires C, 66-7; H, 5-6%), Amax. ~320, 288 my (log « 3-81, 4-41 
respectively). The infrared spectrum showed a fairly broad absorption band at 1695 cm.“ in 
the double-bond stretching region. The 2: 4-dinitrophenylhydrazone crystallised from chloro- 
form-light petroleum (b. p. 60—80°) im orange needles, m. p. 245—246° (Found: C, 56-5; H, 
4-3. C..H,,O,N, requires C, 56-4; H, 4:3%). 

4 : 6-Dimethoxy-6’-methylgris-2’-en-3 : 4’-dione.—The dihydro-derivative (III) (1-25 g.) in 
methanol (125 ml.) was heated under reflux for 5 hr. with 7N-sulphuric acid (165 ml.). Removal 
of the methanol gave 4: 6-dimethoxy-6’-methyl-gris-2’-en-3 : 4-dione which crystallised from 
methanol in prisms (1-1 g.), m. p. and mixed m. p. 149—151°. 

4 : 6-Dimethoxy-2’-methylgrisan-3 : 4’-dione.—4 : 6-Dimethoxy - 6’- methylgrisan- 2’-en-3 : 4’- 
dione (200 mg.) in ethyl acetate (20 ml.) was hydrogenated as described above for dechloro- 
griseofulvin with a catalyst prepared from palladium chloride (200 mg.), charcoal (800 mg.), and 
water (12 ml.). Reduction ceased after 1 mol. of hydrogen had been absorbed (5 min.). The 
crude product recovered in the usual way crystallised from diethyl ether in prisms (168 mg.), 
m. p. 125—126°, of 4: 6-dimethoxy-2’-methylgrisan-3 : 4’-dione (Il; R = H), [a]? +40° (¢ 1-1 
in CHCl,) (Found : C, 65-9; H, 6-3. C,gH,,0,; requires C, 66-2; H, 6-25%), Amax. ~315, 284, 
~232, ~225 my (log ¢ 3-77, 4:38, 4-05, 4:24 respectively). The infrared spectrum showed 
absorption bands at 1722 and 1694 cm.-! in the double-bond stretching region. The semi- 
carbazone crystallised from methanol in needles, m. p. 185—190° (decomp.) (Found: C, 58-7; 
H, 6-0; N, 11-9. C,,H;,0,;N; requires C, 58-8; H, 6-1; N, 12-1%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
AKERS RESEARCH LABORATORIES, 
THE FRYTHE, WELWyN, HERTs. [Received, February 7th, 1957.} 
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609. Carcinogenic Nitrogen Compounds. Part XXII.*  cycloHexyl 
Derivatives of Benzacridines, Carbazole, and other Nitrogen Hetero- 
cycles. 


By Neo. Pu. Buu-Hoi, L. C. Brinn, T. B. Loc, Nc. D. Xuona, 
and (in part) P. JACQUIGNON. 


Several cyclohexyl derivatives of angular benzacridines and of carbazole, 
pyrrocoline, and other nitrogen heterocycles have been synthesised and 
found to be non-carcinogenic. 


THE influence of cyclohexyl radicals on carcinogenic activity has not yet been reported, 
although in angular benzacridines some phenyl derivatives have been found to be carcino- 
genic.! -cycloHexylaniline, best prepared by Beckmann rearrangement of 4-cyclo- 
hexylacetophenone oxime,” on iodine-catalysed Knoevenagel condensation * with 8- and 
a-naphthol gave N-p-cyclohexylphenyl-8- and -x-naphthylamine. Wieland—Rheinheimer 
condensation ‘ with arsenic trichloride then led to 10-chloro-8-cyclohexy1]-5 : 10-dihydro-1 : 2- 
(I) and -3:4-benzophenarsazine. Modified Bernthsen cyclisation ® of N--cyclohexyl- 
phenyl-8-naphthylamine with acetic anhydride yielded 7-cyclohexyl-5-methyl-3 : 4- 
benzacridine (II; R = Me); 5: 7-dicyclohexyl- (II; R = cyclohexyl) and 7-cyclohexyl-5- 





(1) (IV) 


phenyl-3 : 4-benzacridine (II; R = Ph) were prepared by a similar reaction with cyclo- 
hexanecarboxylic and benzoic acid respectively. The 5-methyl-, 5-cyclohexyl-, and 5- 
phenyl-derivatives of 7-phenyl-3 : 4-benzacridine were also prepared by Bernthsen reactions 
with N-4-diphenylyl-8-naphthylamine.* 7-cycloHexyl-3 : 4-benzacridine (II; R =H) 
was prepared by Ullmann condensation’ of -cyclohexylaniline with ®-naphthol and 
paraformaldehyde. 7-cycloHexyl-5-phenyl-1 : 2-benzacridine (III) was prepared from 
N-p-cyclohexylphenyl-«-naphthylamine. 

2-p-cycloHexylphenylindole was prepared by Fischer cyclisation of the phenylhydrazone 
of 4-cyclohexylacetophenone; addition of the w-bromo-derivative of this ketone to 2- 
picoline, 2:5- and 2:4lutidine, and 5-ethyl-2-methylpyridine, afforded pyridinium 


* Part XXI, Buu-Hoi, Jacquignon, and Long, J., 1957, 505. 


1 Zajdela and Buu-Hoi, Acta Unio Intern. contra Cancrum, 1950, 7, 184. 

2 Mayes and Turner, J., 1929, 500. 

* Knoevenagel, J. prakt. Chem., 1914, 89,1; Buu-Hoi, J., 1952, 4346. 

* Cf. Buu-Hoi et al., Rev. sci., 1944, 82, 453; 1945, 88, 41; /., 1951, 795; 1953, 3584. 

5 Buu-Hoi and Lecocq, Compt. rend., 1944, 218, 792; Buu-Hoi, J., 1946, 792; 1949, 670. 
* Buu-Hoi, J., 1950, 1146. 

7 Ullmann and Fetvadjian, Ber., 1903, 36, 1029. 
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bromides which with alkali underwent the Tschitschibabin cyclisation § to 2-p-cyclohexyl- 
phenylpyrrocoline (IV) and its 6-methyl, 7-methyl, and 6-ethyl homologues; with sodium 
nitrite and hydrochloric acid these gave the 3-nitroso-derivatives. 2-p-cycloHexylphenyl- 
quinoxaline was obtained by Hinsberg condensation® of w-bromo-4-cyclohexylaceto- 
phenone with o-phenylenediamine. 

4- and 2-cycloHexylcyclohexanone readily underwent Tiedtke condensations with 
anthranilic acid 2° to 1- and 3-cyclohexyl-1 : 2 : 3 : 4-tetrahydroacridone (V; R’ = C,Hy,, 
R =H; and vice versa). Fischer indolisation of the phenylhydrazones of these cyclo- 
hexanones gave 1- and 3-cyclohexyl-1 : 2:3: 4-tetrahydrocarbazole (cf. VI), of which 


Oo 
| | 
v) w A RK OA 


only the former could be dehydrogenated with chloranil, to afford 3-cyclohexylcarbazole. 
The same product is isolated in small yield in the Friedel-Crafts reaction of carbazole 
with cyclohexene, which is known to give mostly a dicyclohexylcarbazole,“ and this 
establishes the structure of this monocyclohexyl product. 

A number of these heterocyclic products proved non-carcinogenic by the skin-painting 
test on mice. 


(VI) 


EXPERIMENTAL 


p-cycloHexylaniline.—cycloHexylbenzene was acetylated by Mayes and Turner’s method,? 
and the resulting 4-cyclohexylacetophenone converted into its oxime, prisms, m. p. 117° (from 
ethanol) (Found: C, 77-3; H, 8-9. -C,gH,;,ON requires C, 77-4; H, 88%); Beckmann 
rearrangement with phosphorus pentachloride in ether gave in almost quantitative yield 
p-cyclohexylacetanilide, which was hydrolysed to -cyclohexylaniline. This amine was 
characterised by its reaction (a) with 2: 3-dichloro-1 : 4-naphthaquinone,’ which furnished 
2-chloro-3-p-cyclohexylanilino-1 : 4-naphthaquinone, needles, m. p. 148° (from ethanol) (Found : 
C, 71:9; H, 5-3. C,,;HggO,NCl requires C, 72-2; H, 5-5%), and (6) with chloranil, to give 
2 : 6-dichloro-3 : 5-di-p-cyclohexylanilino-1 : 4-benzoquinone, dark brown needles, m. p. 303° 
(from benzene) (Found: N, 5-6. C39H3;,0,N,Cl, requires N, 5-5%). 

1-p-cycloHexylphenyl-2 : 5-dimethylpyrrole——A mixture of p-cyclohexylaniline (7 g.) and 
hexane-2 : 5-dione (7 g.) was refluxed for 4 hr., and fractionated in vacuo; the pyrrole (8-5 g.), 
b. p. 205—206°/15 mm., formed prisms, m. p. 96°, from light petroleum (b. p. 35—75°) 
(Found: C, 85-0; H, 9-5. C,,H,,;N requires C, 85-3; H, 9-2%). 

2-p-cycloHexylphenylindole.—Phenylhydrazine (4 g.) and 4-cyclohexylacetophenone (6 g.) 
were heated at 120° until no more steam was given off; after cooling, freshly fused, powdered 
zinc chloride (8 g.) was added, and the mixture heated at 200° for a few minutes, then cooled. 
Water was added, and the product taken up in benzene, washed with dilute aqueous alkali, 
dried (Na,SO,), recovered, and distilled in vacuo. The portion boiling at 310—315°/20 mm. 
crystallised as leaflets, m. p. 206°, from ethanol—benzene (Found: C, 87-0; H, 7-7. Cz 9H2,N 
requires C, 87-2; H, 7-7%). 

2-p-cycloHexylphenylquinoxaline.—4-cycloHexylacetophenone (10 g.) was treated in chloro- 
form with bromine (10 g.) in the presence of a few drops of hydrobromic acid, and the product 
washed with cooled, dilute aqueous sodium carbonate and dried (Na,SO,); the chloroform was 
distilled off, and the crude w-bromo-ketone (3 g.) refluxed in ethanol for 4 hr. with o-phenylene- 
diamine (2 g.) and sodium acetate (1 g.). After cooling, water was added, and the precipitate 
recrystallised from ethanol, giving prisms (2 g.), m. p. 137°, of the guinoxaline (Found : C, 83-7; 
H, 7:3. CyoHooN, requires C, 83-3; H, 7-0%). 

® Tschitschibabin, Ber., 1927, 60, 1607; Borrows, Holland, and Kenyon, J. 1946, 1069, 1083; 
Buu-Hoi ef al., Rec. Trav. chim., 1949, 68, 441; J. Org. Chem., 1954, 19, 1370. 

® Hinsberg, Annalen, 1896, 292, 246; Buu-Hoi and Khéi, Bull. Soc. chim. France, 1950, 17, 753. 

10 Tiedtke, Ber., 1909, 42, 621. 
11 Cf. Buu-Hoi and Cagniant, Ber., 1944, '77, 121. 
12 Cf. Buu-Hoi et al., Bull. Soc. chim. France, 1944, 11, 578; Rec. Trav. chim., 1952, 71, 1059. 
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2-p-cycloHexylphenylpyrrocoline (IV).—The w-bromo-ketone (2 g.) and 2-picoline (1 g.) were 
heated in ethanol (10 c.c.) for 30 min. at 60°; after cooling, water (100 c.c.) was added, and the 
water-insoluble impurities removed by ether-extraction. The aqueous layer was brought to 
the b. p. with sodium hydrogen carbonate (5 g.), and the precipitate which formed on cooling 
was collected, washed with water, and recrystallised from ethanol, giving the pyrrocoline as 
leaflets (1-3 g.), m. p. 208° (Found: C, 87-5; H, 7-6. Cy 9H,,N requires C, 87-2; H, 7-7%). 
It gave a 3-nitroso-derivative when treated (1 g.) in hydrochloric acid with sodium nitrite (0-6 g., 
in water) (subsequent basification with sodium carbonate 1%), as dark green leaflets, m. p. 188° 
(from ethanol) (Found: N, 9-0. C, 9H,,ON, requires N, 9-2%). 

2-p-cycloHexylphenyl-6-methylpyrrocoline (IV).—Prepared from 2: 5-lutidine (1-2 g.), this 
compound (1-2 g.) formed leaflets, m. p. 207°, from ethanol (Found: C, 86-8; H, 7-9. C,,H»3N 
requires C, 87-2; H, 8-0%); the 3-mitroso-derivative formed dark green needles, m. p. 190°, 
from ethanol (Found: N, 8-8. C,,H,,ON, requires N, 8-8%). Similar reactions gave 
2-p-cyclohexylphenyl-7-methyl-, leaflets, m. p. 226° (from ethanol—benzene) (Found: C, 87-3; 
H, 8-1%) [3-nitroso-derivative, bluish-green prisms, m. p. 196° (Found: N, 8-5%)], and 6-ethyl- 
2-p-cyclohexylphenyl-pyrrocoline, needles, m. p. 159° (from ethanol) (Found: C, 86-8; H, 8-2. 
C,,H,,;N requires C, 87-1; H, 8-2%) [3-nitroso-derivative, dark green leaflets, m. p. 148° (Found : 
N, 8-2. C,,H,,ON, requires N, 8-4%)]. 

N-p-cycloHexylphenyl-a-naphthylamine.—p-cycloHexylaniline (20 g.), a-naphthol (25 g.), 
and iodine (0-2 g.) were refluxed for 18 hr.; after cooling, the product was washed in benzene 
with 10% aqueous sodium hydroxide, recovered, and fractionated in vacuo. The arylamine 
(25 g.), b. p. 252—254°/0-8 mm., crystallised as needles, m. p. 115°, from ethanol (Found : 
C, 87-4; H, 7-9. C,,H,,;N requires C, 87-7; H, 7-7%). 

N-p-cycloHexylphenyl-8-naphthylamine (32 g.), similarly prepared, formed needles, m. p. 
102°, from ethanol (Found: C, 87-5; H, 8-0%). 

10-Chloro-8-cyclohexyl-5 : 10-dihydro-1 : 2-benzophenarsazine (I).—A solution of N-p-cyclo- 
hexylphenyl-8-naphthylamine (3 g.) and arsenic trichloride (1-8 g.) in o-dichlorobenzene (15 c.c.) 
was refluxed for 4 hr.; the precipitate which was formed after cooling was recrystallised from 
xylene, giving orange-yellow prisms (3 g.), m. p. 220° (decomp. >211°), whose halochromy in 
sulphuric acid was brown-red (Found: C, 64:7; H, 4-9. C,,H,,NCIAs requires C, 64-5; 
H, 5-1%). 

10-Chloro-8-cyclohexyl-5 : 10-dihydro-3 : 4-benzophenarsazine, similarly prepared from the 
a-naphthylamine, formed, from toluene, deep yellow prisms, m. p. 234° (decomp. >213°), 
giving a red halochromy in sulphuric acid (Found : C, 64-5; H, 5-2%). 

7-cycloHexyl-3 : 4-benzacridine (II; R = H).— To a mixture of p-cyclohexylaniline (10 g.) 
and $-naphthol (10 g.) heated at 250°, paraformaldehyde (2 g.) was added in small portions; 
after the vigorous reaction had subsided, the product was boiled for 5 min., and purified by 
distillation and conversion into a picrate, which crystallised as dark yellow prisms, m. p. 
233—-234° (decomp.), from benzene. Basification with aqueous ammonia afforded the base 
(3 g.), forming yellowish needles, m. p. 95°, from acetone (Found: C, 88-4; H, 6-9. C,,;H,,N 
requires C, 88-7; H, 6-8%). 

7-cycloHexyl-5-phenyl-1 : 2-benzacridine (III).—N-p-cycloHexylphenyl-«-naphthylamine 
(10 g.), benzoic acid, and freshly fused zinc chloride were heated at 200—210° for 24 hr.; after 
cooling and addition of 20% aqueous sodium hydroxide, the product was washed in benzene 
with water, dried (Na,SO,), recovered, distilled in vacuo, and purified via the picrate. The free 
base formed yellowish needles, m. p. 148°, from acetone (Found: C, 89-6; H, 6-2. C,.H.;N 
requires C, 89-9; H, 65%). The 3: 4-benzacridines tabulated were similarly prepared. 


Found (%) Required (%) 
3 : 4-Benzacridines M. p. Formula Cc H Cc H 

7-cycloHexy]-5-methyl-_...........+4+. 111° C,,H.,N 88-4 7-0 88-6 71 
7-cycloHexy1-5-phenyl- ............0.+06+ 147 Cy95H,sN 89-6 6-5 89-9 6-5 
5-cycloHexyl-7-pheny]l- ...........+2+s0+ 114 Cy5H,,N 89-7 6-3 89-9 6-5 
& : T-Dhlepedehnenyl- ...0...0.cccccceescocese 109 CygH3,N 88-3 7-6 88-5 7-9 
5-Methyl]-7-phenyl- ..............se0000+ 135 Cy,H,,N 90-0 5-6 90-3 5-4 
BS FYE” © ccnccconccnstergpsocbansape 232 CygH,N 91-5 5-3 91-3 5-0 


2- and 4-cycloHexylcyclohexanone.—2- and 4-cycloHexylcyclohexanol, obtained by hydrogen- 
ation of 2- and 4-hydroxydiphenyl, were oxidised to the ketones * by chromic acid in acetic 


13 Cf. Burrows, Holland, and Kenyon, J., 1946, 1075. 
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acid. 4-cycloHexylcyclohexanone formed an isonicotinoylhydrazone, prisms, m. p. 180° (from 
ethanol) (Found: C, 71-9; H, 8-6; N, 13-9. C,gH,,ON; requires C, 72-2; H, 8-4; N, 14-1%), 
and, on treatment (1 mol., in ethanol) with 2-thenaldehyde (2 mol.) in the presence of aqueous 
sodium hydroxide, gave 4-cyclohexyl-2 : 6-di-(2-thenylidene)cyclohexanone, yellow prisms, m. p. 
172° (from ethanol) (Found : C, 71-4; H, 6-5. C,.H,,OS, requires C, 71-7; H, 65%). 2: 6-Di- 
p-anisylidene-4-cyclohexyl-, yellow needles, m. p. 126° (from ethanol) (Found: C, 80-5; H, 7-8. 
C,3H;,0, requires C, 80-7; H, 7-7%), 4-cyclohexyl-2 : 6-di-(1-naphthylidene)-, yellow prisms, 
m. p. 166° (from ethanol) (Found : C, 89-1; H, 7-2. C3,H3,O requires C, 89-4; H, 7-1%), and 
2-benzylidene-6-cyclohexyl-cyclohexanone, colourless prisms, m. p. 102° (from ethanol) (Found : 
C, 84:7; H, 8-7. Cy gH,,O requires C, 85-0; H, 9-0%), were also prepared. 

3-cycloHexyl-1 : 2: 3: 4-tetrahydroacridone (V; R =H, R’ = cyclohexyl).—A mixture of 
2-cyclohexylcyclohexanone (10 g.) and anthranilic acid (10 g.) was heated at 160° for 1 hr., and 
at 250° for 30 min. with removal of water; after cooling, ethanol was added, and the solid 
acridone obtained was recrystallised twice from ethanol, giving prisms (10 g.), m. p. 358° (Found : 
C, 81-1; H, 8-2; N, 5-0. C,gH,,ON requires C, 81-1; H, 8-2; N, 50%). 1-cycloHexy]l- 
1:2:3:4-tetrahydroacridone (V; R= cyclohexyl, R’ =H), similarly prepared, formed 
prisms (8 g.), m. p. 306°, from o-dichlorobenzene (Found: C, 81-0; H, 7-9%). 

1-cycloHexyl-1 : 2: 3: 4-tetrahydrocarbazole (VI; R =H, R’ = cyclohexyl).—2-cycloHexyl- 
cyclohexanone (6 g.) and phenylhydrazine (4 g.) were heated at 120° for 10 min. with removal 
of water; the crude phenylhydrazone was then treated with a boiling solution of hydrogen 
chloride in acetic acid. After addition of water, the product was washed in benzene with water, 
dried (CaCl,), recovered, and distilled in vacuo. The carbazole formed colourless prisms (4 g.), 
m. p. 69°, from light petroleum (b. p. 35—75°) (Found: C, 85-0; H, 9-3. C,,H,,N requires 
C, 85-3; H, 9-2%). 

3-cycloHexyl-1 : 2: 3: 4-tetrahydrocarbazole (VI; R = cyclohexyl, R’ = H).—Prepared as 
above from 4-cyclohexylcyclohexanone, this compound (5 g.) formed needles, m. p. 97°, from 
light petroleum (Found : C, 85-2; H, 8-8%); dehydrogenation (of 1 g.) with chloranil (2 g.) in 
xylene afforded 3-cyclohexylcarbazole (0-3 g.) as needles, m. p. 158° (Found: C, 86-4; H, 7-4. 
C,3H,,.N requires C, 86-7; H, 7-7%). The same compound was obtained by repeated recrystal- 
lisation of the product of Friedel-Crafts cyclohexylation of carbazole (1 mol.) with cyclohexene 
(1 mol.) in the presence of aluminium chloride. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
Ture Rapium INSTITUTE, UNIVERSITY OF Paris. (Received, February 28th, 1957.) 


14 Schrauth and Gérig, Ber., 1923, 56, 1905; Vavon and Mitchovitch, Compt. rend., 1928, 186, 704. 





610. Properties and Reactions of Free Alkyl Radicals in Solution. Part 
IX.* Synthesis and Reactions of Some Tertiary Nitroalkanes. 


By J. F. Tr-ney-BAssett and WILLIAM A. WATERS. 


Nitrogen dioxide combines with tertiary aliphatic free radicals in solution 
to give nitroalkanes, optimum yields being obtained with material containing 
a little nitric oxide. 

a-Nitroisobutyronitrile and its analogues are decomposed by caustic 
alkali, by alcoholic cyanide, and by lithium aluminium hydride with loss of 
the nitrile group. 


In Part VII! it was reported that nitric oxide combined with three 2-cyano-2-propyl 
radicals to give a trisubstituted hydroxylamine and that aromatic nitroso-compounds 
similarly combined with two such radicals, though the NO, group of aromatic nitro- 
compounds did not add alkyl radicals in a similar way. In continuation of this work we 
have investigated the combination of nitrogen dioxide with 2-cyano-2-propyl and analogous 


* Part VIII, J., 1955, 4256. 
1 Gingras and Waters, J., 1954, 1920; Chem. and Ind., 1953, 615. 
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radicals and, as already reported in outline, find that tertiary nitroalkanes are formed in 
yields (see Table) that indicate that nitrogen dioxide is a less active radical-trapping 
agent than is nitric oxide. 

Optimum yields (30—35% of purified material) are obtained with nitrogen dioxide 
containing up to 10% of nitric oxide. Treatment of the nitrogen dioxide with oxygen 
to remove all nitric oxide halves the yield of nitroalkane whilst saturation of the nitrogen 
dioxide with nitric oxide also lowers the yield. One possible explanation is that free 
oxygen may diminish yields by combining directly with 2-cyano-2-propyl radicals, as is 
known from autoxidation studies * to occur readily. An alternative, and in our view more 
probable, interpretation is the suggestion that tertiary nitrosoalkanes are readily formed 
by reaction (1) and are then oxidised by nitrogen dioxide (reaction 2), so that a little nitric 
oxide acts as a chain-carrier, though reaction (3) competes with reaction (2) when too much 
nitric oxide is present. 


(1) R: + NO ——® R:NO 
(2) R-NO + NO, —— R-NO, + NO 
(3) 2R: + R-NO ——» R,N-OR 


The ease of oxidation of x-nitrosoisobutyronitrile has been demonstrated by Piloty and 
Schwerin * who in 1901 found that when moist it decomposed to a mixture of «-nitrotso- 
butyronitrile and NNO-tri-(2-cyano-2-propyl)hydroxylamine; they failed, however, to 
identify the latter product, citing only a melting point and analysis which agrees with that 
of material later synthesised from nitric oxide and 2-cyano-2-propyl radicals by Gingras 
and Waters.’ In support of the above mechanism we have demonstrated that, under our 
general reaction conditions, nitrogen dioxide does oxidise nitrosobenzene to nitrobenzene 
in high yield. 

Metathetical reactions of type (2) have been reviewed by Gray and Yoffe,® and a 
literature review by Gray ® indicates that in the vapour phase free alkyl radicals combine 
with nitrogen dioxide to give nitroalkanes rather than nitrites. Our findings accord with 
his conclusion, for the products that we have prepared from four different alkyl radicals 
in solution all have the characteristic infrared absorption bands of tertiary nitroalkanes * 
and are not hydrolysed by dilute acids. Minor by-products of these reactions between 
nitrogen dioxide and free radicals of the type R,C(CN)- have been isolated chromato- 
graphically. Besides the invariable radical dimers of type RgzC(CN)-C(CN) R,, small amounts 
of substituted amides R,CH*CO-NH-CR,-CN (derived from the unsymmetrical dimer 
R,C:C:N-CR,°CN first mentioned by Talat-Erben and Bywater §) and its nitrated product 
NO,°CR,"CO-NH°’CR,’CN are obtainable. Other work in this laboratory ® has shown that 
the amide R,CH-CO-NH-CR,CN is regularly formed when a tertiary «-azonitrile is decom- 
posed in a moist solvent, and the direct nitration of this by nitrogen dioxide is not surprising 
in view of the known reaction between nitrogen dioxide and tertiary C-H groups.® 

Hydrolyses and Reductions of Tertiary Nitroalkanes.—98°% Sulphuric acid converts the 
tertiary «-nitro-nitriles into «-nitro-amides, whilst treatment with methanolic hydrogen 
chloride and subsequent hydrolysis converts «-nitroisobutyronitrile into methyl «-nitrotso- 
butyrate identical with the product obtained directly from nitrogen dioxide and dimethyl 
aa’-azotsobutyrate. This suffices to show that the nitro-group cannot be removed by 
Syl hydrolysis. 


2 Tilney-Bassett and Waters, Chem. and Ind., 1956, 957. 
* Davies, Goldsmith, Gupta, and Lester, J., 1956, 4926; Bateman and Morris, Tvans. Faraday Soc., 
1952, 48, 1149. 
* Piloty and Schwerin, Ber., 1901, 34, 1863. 
5 Gray and Yoffe, Quart. Rev., 1955, 9, 367. 
* Gray, Trans. Faraday Soc., 1955, §1, 1367. 
7 Brown, J. Amer. Chem. Soc., 1956, 78, 6341. 
8 Talat-Erben and Bywater, J. Amer. Chem. Soc., 1955, '77, 2240. 
* Personal communication from Mr. R. M. Haines. 
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However, concentrated sodium hydroxide rapidly destroys «-nitronitriles. 1-Cyano-1- 
nitrocyclohexane, when warmed with alcoholic sodium hydroxide, gave sodium cyanate 
and the sodium salt of aci-nitrocyclohexane. Alkaline hydrolysis of «-nitro‘sobutyronitrile 
similarly gave sodium cyanate as a major product, but acetone and free nitrite were also 
obtained. Acidification of the hydrolysed solution yields much carbon dioxide, from the 
breakdown of the cyanate, and a pale blue colour probably due to the condensation of free 
nitrous acid with 2-nitropropane to give 2-nitroso-2-nitropropane. Thus, although there 
is evidence for some Sx2 displacement of NO, by OH~, the main hydrolytic reaction in 
alkali must be represented as : 


rh, 
P sce HO-C=N 
(4) R,C SE ae + 
NO, (RzgC=NO,)- 


This strikingly illustrates the strong electrophilic character of the nitro-group and the 
difficulty of hydrolysis of nitroalkanes. It is similar to the alkaline hydrolysis of dichloro- 
dinitromethane,!® Cl,C(NO,), + 2KOH —+» K-CCI(NO,), + KOC] + H,O, and to the 
decarboxylation of «-nitro-acids in alkali. 

Treatment of «-nitroisobutyronitrile with alcoholic sodium cyanide yielded a product 
C,H,,0,N. identified as 2-cyano-2 : 3-dimethyl-3-nitrobutane, NC-CMe,°CMe,*NO,, both 


Products of reactions between nitrogen dioxide and tertiary aliphatic azo-compounds. 
Yields (%) of products 





Reaction * “"R-NO,* RR R,N-OR NO,CR,-CO-NH-CR,CN 
aa’-A zoisobutyronitrile with : 
(a) 0-5 equiv. NO, (+ some NO) ............ 43 (31)? 43 6-4 1-0 
(b) 2 equiv. NO, (+ some NO) ............04+ 42 (27) 10 1-7 1-0° 
(c) pure NO, in PhCl at 100° ..............00+ (17) ane aes as 
(d) pure NO, in boiling C,H, .................. 12 (8-7) 49 -— — 
(e) ” 90 —i( ts MMR OO ete reeeees (18) 38 0-8 4 1-4°¢ 
1p Wiig i We Ca secissitscsenscesiccesenen 33 (20) 35 2-9 2-0 
(g) NO,; with NO passed through solution 
ME SEUNG. . scergeenievcdorcsacassepanenvisesene 22 (12) --- 12-6 0-5 
3 : 3’-Azobis-3-cyanopentane with : 
NO, (+ some NO) in PhMe at 100° ......... (21) 14 — 8-445 
1 : 1’-Azobis-1-cyanocyclohexane with : 
(a) NO, (+ some NO) in boiling PhMe ... (24) 30 _ 4-39 
(d) ‘a se in boiling PhCl ...... 30 — -— — 
$9 BUDD By ccccocsscssecennctsnccennspesecssesooss Low — -—— - 


Dimethyl aa’-azoisobutyrate with : 
NO, (+ some NO) in PhMe at 100° ......... (33) = - —- 


* Crude yields, with pure yields in parentheses. * Yields calc. on NO, taken; in all other cases 
calc. on azo-compound used. ¢ Also 2-2% of the corresponding acid. 4 Crude. * Pure. / Also 
2:1% of R,CH-CO-NR,°CN. #% This product is C,,H3;,0,N,; also 3-6% of R,CH-CO-NR,’CN. 


from spectral evidence and from its formation, though in poor yield, on reaction of sodio- 
2-nitropropane with «-nitrotsobutyronitrile in dry alcohol—in this case by Sy2 displace- 
ment of NO, : 
(5) CN- + NC-CMe,-NO, — NC-CN + (Me,C=NO,)- 
(Me,C=NO,)- + Me,C(CN)-NO, ——-» Me,C(NO,)-CMe,-CN + NO,- 


~ 


In reaction (5) a volatile product, thought to be cyanogen, was also obtained. Again, 
compounds X,C(NO,), (X = Cl, Br, or I) undergo a similar reaction,4® X,C(NO,), + 
KCN —+» K:CX(NO,). + XCN. 

10 Gotts and Hunter, J., 1924, 125, 442. 
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Reductions with lithium aluminium hydride in ether follow a similar course, for the 
cyanide group is displaced and a secondary amine (characterised as its benzoyl derivative) 
is formed : 


(6) H- + NC-CR,-NO, —-» HCN + (R,C=NO,)- ——-» R,CH-NH, 


Methyl «-nitrossobutyrate was also decarboxylated by this reducing agent. 

However the less drastic, and much less nucleophilic, reducing agent hydrazine in 
presence of Raney nickel ! gave, in this case, the corresponding «-amino-ester, the benzoy] 
derivative of which was identical with material prepared from acetone by a conventional 
Strecker synthesis. 


EXPERIMENTAL 


Nitrogen dioxide was prepared by adding saturated aqueous sodium nitrite slowly to fuming 
nitric acid at 50°, condensing the evolved vapours at —30°, and fractionating the product 
slowly in a stream of oxygen. The nitrogen dioxide was dried (P,O,) and redistilled just before 
use, further treatment with oxygen being employed when complete removal of lower oxides of 
nitrogen was important. 

Decompositions of ax’-Azoisobutyronitrile in Presence of Nitrogen Dioxide (cf. Table).—(a) 
2-Cyano-2-propyl radicals in 2:1 excess. A solution of nitrogen dioxide (9 g., containing a 
little N,O,) in dry benzene (60 c.c.) was added gradually during 4 hr. to a refluxing solution of 
ax-azoisobutyronitrile (30 g.) in benzene (200 c.c.). To minimise the escape of oxides of nitrogen 
a cold trap was placed at the top of the reflux condenser. After refluxing for a further 5 hr. 
the benzene was removed and the residue distilled under reduced pressure to separate the 
crude a-nitroisobutyronitrile (9-8 g.; b. p. 69—72°/14 mm.) from other products. The nitro- 
compound was purified by crystallisation from ether at —30° and then had m. p. 34° (Piloty 
and Schwerin‘ give 35°) (yield 7 g., 31%) (Found: C, 42-1; H, 5-3; N, 24-6. Calc. for 
C,H,O,N,: C, 42:1; H, 5-2; N, 246%). Its infrared spectrum had strong bands at 6-40, 
7-48, and 11-78 u (NO, group ”) and moderate bands at 7-17, 7-30, and 8-50 u (Me,C group), but 
the weak absorption at 4-45 uw indicative of CN was not observable (it has been noted that 
strongly electronegative groups in the same molecule often suppress the CN vibration ™*). A 
direct comparison with the infrared spectra of authentic samples of 2-nitropropane and 2-chloro- 
2-nitropropane confirmed the assignments of the bands at 6-35—6-50, 7-40—7-50 and 11-55— 
12-10 uw to vibrations of the nitroparaffin (C-NO,) group in this and other nitro-compounds 
described in this paper. Chromatography of the residue left after separation of the «-nitroiso- 
butyronitrile led to the isolation of tetramethylsuccinonitrile, m. p. and mixed m. p. 169° 
(10-8 g., 43%), tri-(2-cyano-2-propyl)hydroxylamine (2-3 g., 6-5%), m. p. and mixed m. p. 
79°,1 and a small quantity (0-4 g.) of a product, m. p. 135° (from benzene) (Found: C, 48-1; 
H, 6-5; N, 20-9. C,H,,0,N, requires C, 48-2; H, 6-5; N, 21-1%). Its infrared spectrum 
showed the presence of NO,, CN, and CO*-NH, and CMe, groups. Since this substance gave no 
colour with nitrous acid it contains a tertiary nitro-group, and this evidence together with the 
identification of the corresponding acid (see below) identifies it as N-(2-cyano-2-propyl)-a- 
nitroisobutyramide. 

(b) Nitrogen dioxide in 2: 1 excess over 2-cyano-2-propyl radicals. Repetition of experiment 

(a) with equal weights (40 g.) of nitrogen dioxide and aa’-azoisobutyronitrile gave a similar yield 
of «-nitroisobutyronitrile, 10% of tetramethylsuccinonitrile, 1-7% of tri-(2-cyano-2-propyl)- 
hydroxylamine, 1% of N-(2-cyano-2-propyl)-«-nitroisobutyramide, and 2-2% of the correspond- 
ing acid, N-(2-carboxy-2-propyl)-a-nitroisobutyramide, m. p. 174° (from chloroform—acetone) 
(Found: C, 44-1; H, 6-6; N, 13-1. C,H,,0,;N, requires C, 44:0; H, 6-4; N, 12-8%). The 
infrared spectrum of this compound showed the presence of NO,, Me,C, NH°CO, and CO,H 
groups. Subsequently it was obtained by treating N-(2-cyano-2-propyl)isobutyramide (0-5 g.) in 
benzene (20 c.c.) with nitrogen dioxide (0-55 g.) at 30—40° for 30 min. and then at the b. p. for 
30 min. It crystallised, in poor yield, when this mixture was cooled. The amide was prepared 
from «-aminoisobutyronitrile and isobutyryl chloride and had m. p. 108°. It has been isolated 
in this laboratory in 10% yield by thermal decomposition of aa’-azoisobutyronitrile in boiling 
water or aqueous alcohol * and in smaller amounts when other moist’solvents were used. 


11 Balcon and Furst, J]. Amer. Chem. Soc., 1951, 75, 4334. 
12 Bellamy, “‘ The Infra Red Spectra of Complex Molecules,” Methuen, London, 1954, p. 225. 
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(c) Approximately equivalent concentrations of nitrogen dioxide and 2-cyano-2-propyl 
radicals were used. Change of solvent has only a minor effect on the yields of products. 

(d) The decomposition in boiling benzene of aa-azoisobutyronitrile in the presence of an 
equal weight of oxides of nitrogen of approximate composition N,O, resulted in about 30% 
reduction of the yield of «-nitroisobutyronitrile, but dropwise addition of a cold benzene solution 
of equivalent amounts of nitrogen dioxide and aa’-azoisobutyronitrile to refluxing benzene 
through which a slow stream of nitrogen admixed with nitric oxide was being passed more 
significantly reduced the yield of the nitroalkane and increased that of the tertiary hydroxy]l- 
amine, though the side reaction leading to the nitro-cyanide was not quite eliminated. 

Oxidation of Nitrosobenzene with Nitrogen Dioxide.—Nitrogen dioxide (5 g.) in benzene was 
added slowly to a refluxing solution of nitrosobenzene (10-5 g.) in benzene. Fractionation of 
the product gave 67% of pure nitrobenzene and a tarry residue. 

Decompositions of Other Alphatic Azo-compounds in the Presence of Nitrogen Dioxide.—These 
were carried out with slightly impure nitrogen dioxide, as in (a) above, with approximately 
equivalent amounts of dioxide and organic radicals. 

(1) Dimethyl a«’-azoisobutyrate in toluene at 100° gave a 33% yield of methyl a-nitroiso- 
butyrate, b. p. 77—79°/14 mm., m. p. —4° (Found: C, 40-6; H, 6-2. C;H,O,N requires 
C, 40-8; H, 61%). This ester was also prepared from «-nitroisobutyronitrile by hydrolysis, 
via the corresponding imidate hydrochloride, m. p. 117° (Found: C, 32-7; H, 5:7;.N, 15-6; 
Cl, 19-6. C;H,,0O,;N,Cl requires C, 32-9; H, 6-0; N, 15-3; Cl, 19-45%), with methanolic 
hydrogen chloride. 

Treatment of the ester with saturated ethanolic ammonia gave a-nitroisobutyramide, m. p. 
and mixed m. p. 116°, identical with material obtained by dissolving «-nitroisobutyronitrile 
in cold concentrated sulphuric acid, warming the solution slightly, and then pouring it into 
ice-water (Found: C, 36-6; H, 6-0; N, 21-2. C,H,O,N, requires C, 36-4; H, 6-1; N, 21-2%). 
The infrared spectrum of this compound showed bands indicative of NO,, Me,C, and CO*-NHg,. 

(2) 3: 3’-Azobis-3-cyanopentane, prepared from diethyl ketone,'* when similarly treated 
gave a 21% yield of 3-cyano-3-nitropentane, b. p. 89—92°/11 mm. (Found: C, 50-8; H, 7-1; 
N, 19-3. C,H, 9O,N, requires C, 50-7; H, 7-0; N, 19-7%), together with 14% of the radical 
dimer, m. p. and mixed m. p. 47°,15 8% of a compound, m. p. 100° [which since it exhibited 
infrared absorption indicative of the groups NO,, CO-NH, and CN is evidently N-(3-cyano-3- 
pentyl)-1-ethyl-1-nitrobutyramide (Found: C, 56-3; H, 8-1. C,,H,,O,;N, requires C, 56-5; 
H, 8-2%)], and 2% of N-(3-cyano-3-pentyl)-1-ethylbutyramide, m. p. 113-5° (Found: C, 68-2; 
H, 10-1. C,,H,,ON, requires C, 68-6; H, 10-1%), which had infrared absorption corresponding 
to CO-NH. Acid hydrolysis of 3-cyano-3-nitropentane gave 3-carbamoyl-3-nitropentane, m. p. 
59° (from cyclohexane) (Found: C, 45-6; H, 7:3; N, 17-2. C,H,,0,N, requires C, 45-0; H, 
7-5; N, 17-5%). 

(3) 1: 1’-Azobis-1-cyanocyclohexane in boiling toluene gave 24% of 1-cyano-1-nitrocyclo- 
hexane, m. p. 56° (Found: C, 54-9; H, 6-4; N, 17-7. C,H, 9O,N, requires C, 54-6; H, 6-5; 
N, 18-2%), 30% of the symmetrical radical dimer, m. p. 223°, 3-6% of N-(1-cyano-1-cyclohexyl)- 
cyclohexanecarboxyamide (also obtained in 6% yield by decomposition of 1 : 1’-azobis-1-cyano- 
cyclohexane in boiling water), m. p. 156° (Found: C, 72-1; H, 9-6; N, 11-4. C,,H,,ON, 
requires C, 71-8; H, 9-4; N, 12-0%), and a similar amount of an unidentified by-product, m. p. 
145°, with analysis corresponding toC,,H;,0,N,. Decomposition of this azo-compound in boiling 
chlorobenzene gave a similar yield of 1-cyano-1-nitrocyclohexane, but this was greatly reduced 
when freshly purified nitrogen dioxide was used. Hydrolysis of 1-cyano-1-nitrocyclohexane 
with strong sulphuric acid gave 1-nitrocyclohexane-1-carboxyamide, m. p. 120°, quantitatively 
(Found: C, 48-5; H, 7-0; N, 16-7. C,H,,0,N, requires C, 48-9; H, 6-9; N, 16-3%). 

Alkaline Hydrolysis of «-Nitroisobutyronitrile—(1) «-Nitroisobutyronitrile dissolved in a 
few minutes when warmed with 2n-sodium hydroxide. On addition of iodine the solution gave 
a positive iodoform test, indicating the presence of acetone. Carbon dioxide was liberated on 
acidification and the solution became blue. This colour could be extracted into ether and was 
presumed to be due to the nitroso-derivative of 2-nitropropane. Treatment of the acid solution 
with sulphanilic acid and then alkaline 8-naphthol gave a red colour, indicating the presence 
of some free nitrous acid. However the solution failed to give the Prussian-blue test for free 
cyanide. (2) «-Nitroisobutyronitrile (3 g.) was refluxed for 15 min. with sodium hydroxide (5 g.) 

% Dox, J. Amer. Chem. Soc., 1925, 47, 1471. 

'* Overberger, O’Shaughnessy, and Shalit, tbid., 1949, 71, 2661. 

5K 








3134 Barrass and Elmore: The Synthesis of 


in water (10 ml.), and 10 ml. of liquid were then distilled off and collected. From this distillate 
was obtained a solid dinitrophenylhydrazone corresponding to the liberation of only 2% of 
acetone. The remaining liquid on cooling deposited 1-05 g. of sodium cyanate (61% of theory 
for eqn. 4, p. 3131), the identity of which was confirmed by the colour test with chloroform, 
pyridine, and copper sulphate.'® (3) Nitroisobutyronitrile (3 g.) was hydrolysed with sodium 
hydroxide (5 g.) in ethanol (40 ml.) and water (5 ml.). Sodium cyanate separated in 96% 
yield. The alcoholic filtrate on evaporation gave a white solid (1-67 g.), containing a little 
sodium nitrite, that detonated on heating and was possibly the sodium salt of aci-2-nitropropane. 
A similar hydrolysis of 1-cyano-1-nitrocyclohexane gave 85% of sodium cyanate, and by ether- 
precipitation of the alcoholic filtrate the solid sodium salt of act-nitrocyclohexane (Found : 
N, 8-4; Na, 15-6. Calc. for CgH,,0,NNa: N, 9-3; Na, 15-2%) which gave the characteristic 
blue colour test for a secondary nitroparaffin when treated with nitrous acid. 

Reaction of «-Nitroisobutyronitrile with Sodium Cyanide.—a-Nitroisobutyronitrile (5 g.) and 
sodium cyanide (2-5 g.) were refluxed overnight in dry ethanol (50 ml.). The ethanol, which 
was then distilled off, gave a precipitate with acidified silver nitrate and liberated iodine from 
potassium iodide but not bromine from potassium bromide. These tests indicate the presence 
of cyanogen rather than of hydrogen cyanide which has no oxidising properties. The residue, 
on dilution with water, gave a solid (1-3 g.) which after crystallisation had m. p. 194° and gave 
an infrared spectrum indicating the presence of NO,, CN, and Me,C groups. A test with nitrous 
acid showed that the compound was a tertiary nitroalkane. It thus seemed to be 2-cyano-2 : 3- 
dimethyl-3-nitrobutane (Found: C, 54:1; H, 7-7; N, 18-1. C;H,,O,N, requires C, 53-9; 
H, 7-7; N, 18-0%). A later preparation of the same compound by refluxing «-nitroisobutyro- 
nitrile with the sodium salt of 2-nitropropane in alcohol confirmed this structure. 

Reduction of a-Nitroisobutyronitrile and Methyl «-Nitroisobutyrate.—(1) «-Nitroisobutyro- 
nitrile (3 g.) in dry ether (30 c.c.) was added slowly to a refluxing suspension of lithium alu- 
minium hydride in ether (50 c.c.). After an hour water was added, the resulting amine was 
extracted from the ether with dilute acid, concentrated in salt form, and then benzoylated : 
N-isopropylbenzamide, m. p. and mixed m. p. 98°, was isolated in 62% yield. The same 
product was obtained by a similar reduction of methyl «-nitroisobutyrate; and similarly 
l-cyano-l-nitrocyclohexane gave N-benzoylcyclohexylamine, m. p. and mixed m. p. 147°. 
(2) Methyl «-nitroisobutyrate (2 g.) in methanol (15 c.c.) was refluxed with Raney nickel (1 g.) 
and treated gradually with 50° aqueous hydrazine (3 c.c.). The mixture was then refluxed 
for 30 min., filtered, acidified, and concentrated. Benzoylation of the residue gave methyl 
a-benzamidoisobutyrate (1-3 g.), m. p. and mixed m. p. 120° (Found: C, 65-2; H, 6-8. Calc. 
for C,,H,,;0,N: C, 65-0; H, 6-7%). 


One of us (J. F. T.-B.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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15 Vogel, ‘‘ Text-Book of Qualitative Chemical Analysis,’’ Longmans, London, 1945, p. 256. 





611. The Synthesis of Peptide Derivatives of Basic Amino-acids. 
By B. C. Barrass and D. T. ELMore. 


@-N -Benzyloxycarbonyl-«-N-toluene--sulphonyldiamino-acids have 
been converted into peptide derivatives in high yield by means of tetraethyl 
pyrophosphite.t After removal of the C-terminal ester and the benzyloxy- 
carbonyl groups, treatment with O-methylisourea or S-methylisothiourea 
afforded w-guanidino-a-N-toluene-p-sulphonyl-peptides. 


PEPTIDE derivatives of basic amino-acids were required for a study of the specificities of 
trypsin and thrombin. Although lysine peptides have been known for a long time, 
derivatives of arginine were almost inaccessible until recently, owing to the difficulty of 


' Anderson, Blodinger, and Welcher, J. Amer. Chem. Soc., 1952, 74, 5309. 
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protecting the guanidino-group. Glycyl-L-arginine was synthesised from nitro-L-arginine * 
but, since «-N-benzyloxycarbonylnitro-L-arginine could not be converted into an acid 
chloride or azide, no arginyl peptides were synthesised until the introduction of methods 
involving unsymmetrical acid anhydrides.® 


p-Me-C,H,SO,Cl 
Ph:CH,-O-CO-NH-[CH, ],°CH(NH,)°CO,H ——————> Ph:CH,O-CO-NH-[CH,]JnCH'CO,H 


(1) p-Me-C,H,SO."NH 
(II) 
NH,°CH,-CO,R 
~_ Ph:CH,"O-CO-NH-[CH,]nCH-CO-NH-CH,"CO,R 
[(EtO),P],0 
p-MeC,H,'SO,NH_ (III) 
OH 
Pd-H, | (R=Ph-CH,) aaa PiCHsrO-CO-NH [CHsJn'CH-CO'NH-CH'CO;H 


(R=Et) 
pe p-Me- CH, SO."NH_ (IV) 
——> +NH,[CH.,],"CH*CO-NH-CH,-CO,- 
p-Me-C,H,°SO."-NH (V)  NH,-C(:NH)-OMe 
32> NH,°C(°NH,* )*-NH-[CH,],°CH:CO-NH:CH,°CO,- 
or,NH,°C(:NH)-SMe,OH— 
p-Me’C,H,’SO,."-NH (VI) 





(1) NH,-CH,°CO,Et, [(EtO),P],0 


(2) OH- 
R-NH-[CH,],°-CH-CO-NH:C,H,°CO,R’-p Br-NH,°C(°NH,* )*NH-[CH,],-CH’CO,H 
p-Me-C,H,SO,"NH (VIII) p-Me°C,H,SO,"-NH (VII) 


We envisaged the annexed alternative approach, a suggestion independently outlined 
by Fruton.4 It appeared attractive because (i) protection of the «-amino-group by a 
toluene-f-sulphonyl residue would be expected to give substrates with high sensitivity 
towards trypsin ® and thrombin,® and (ii) introduction of the guanidino-group at a late 
stage would be expected to simplify the synthesis of peptides of homologues of arginine. 

Conversion of diamino-acids into their w-N-benzyloxycarbonyl derivatives by the 
general method of Synge,? Neuberger and Sanger,® or Harris and Work ® gave satisfactory 
yields only in the case of L-lysine. In agreement with Harris and Work,® 8-N-benzyloxy- 
carbonyl-DL-ornithine was obtained in 35—40% yield. Greatly improved yields were 
obtained by treatment of the copper derivative of the amino-acid with benzyl chloro- 
formate in presence of excess of magnesium oxide. Reaction of -N-benzyloxycarbonyl- 
diamino-acids with toluene-f-sulphonyl chloride in aqueous acetone or water—ether 
mixtures proceeded smoothly. Coupling of 8-N-benzyloxycarbonyl-«-N-toluene-f- 
sulphonyl-pL-ornithine with glycine ethyl ester by Anderson and Young’s diethyl phos- 
phorochloridite method 2° gave only a modest yield of peptide derivative (III; R = Et, 
n = 3). The use of tetraethyl pyrophosphite,! however, almost always afforded excellent 
yields of the desired compounds (III). Ethyl esters (III; R = Et) were hydrolysed to 
the acids (IV), and these were hydrogenolysed to «-N-toluene-p-sulphonylpeptides (V). 


* Bergmann, Zervas, and Rinke, Z. physiol. Chem., 1934, 224, 40. 
3 (a) Anderson, J. Amer. Chem. Soc., 1953, '75, 6081; (b) Hofmann, Rheiner, and Peckham, #bid., 
p. 6084; 1956, 78, 238; Gish and Carpenter, ibid., 1953, 75, 5872; Van Orden and Smith, J. Biol. 
Chem., 1954, 208, 751. 
4 Fruton, Adv. Protein Chem., 1949, 5, 1. 
5 Schwert, Neurath, Kaufman, and Snoke, J. Biol. Chem., 1948, 172, 221. 
® Sherry and Troll, ibid., 1954, 208, 95. 
7 Synge, Biochem. J., 1948, 42, 99. 
® Neuberger and Sanger, ibid., 1943, $7, 515. 
® Harris and Work, ibid., 1950, 46, 582. 
1° Anderson and Young, J. Amer. Chem. Soc., 1952, '74, 5307. 
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Alternatively, benzyl esters (III; R = Ph°CH,) were hydrogenolysed directly to the 
latter compounds. The free w-amino-group was converted into a guanidino-residue by 
reaction with O-methylisourea or S-methylisothiourea in alkaline solution at room 
temperature." 

It is, of course, vital that peptide syntheses should proceed without racemisation. 
As a check, we synthesised «-N-toluene-g-sulphonyl-L-arginylglycine by two methods. 
The first started from L-ornithine and followed the route outlined above. In the second 
procedure, based on Anderson’s method,** L-arginine was converted into «-N-toluene-p- 
sulphonyl-L-arginine hydrobromide (VII) and thence into the desired peptide derivative 
(VI; =3). The two products had optical rotations which did not differ by a 
statistically significant amount. 

The successful use of chromogenic substrates !* in enzyme studies prompted an attempt 
to synthesise «-N-toluene-f-sulphonyl-l-lysine f-carboxyanilide (VIII; R= R’ =H), 
since ~-aminobenzoic acid is readily assayed spectrophotometrically. Unfortunately, 
e- N-benzyloxycarbonyl-«-N-toluene-~-sulphonyl-L-lysine -benzyloxycarbonylanilide 
(VIII; R = Ph’CH,°O-CO, R’ = Ph’CH,) was obtained in poor yields by the pyrophos- 
phite procedure ! and several variations of the method of Vaughan 1 and Boissonnas.1 
Moreover, attempts to remove protecting groups by hydrogenolysis or hydrogen bromide 
in acetic acid 14 were unsuccessful. 

An early idea to employ phthaloyl groups was abandoned after the observation that 
phthaloyl peptides were too unstable for use as enzyme substrates in alkaline solution.!® 


EXPERIMENTAL 


L-wy-Diaminobutyric acid dihydrochloride, prepared by Adamson’s method,'* had m. p. 
203—204° (decomp.), [a]? + 11-6° (c 3-67 in H,O). 

L-Ornithine monohydrochloride, prepared by Hunter’s method,!”? had m. p. 235—237° 
(decomp.), [«]?? +11-0° (c 5-76 in H,O) (Found: C, 35-7; H, 7-8. Calc. for C;H,,0,N,CI: 
C, 35-6; H, 7-8%). 

e-N-Benzyloxycarbonyl-t-lysine (I; ™ = 4), prepared by Neuberger and Sanger’s method,® 
had m. p. 250—252° (decomp.). 

8-N-Benzyloxycarbonyl-DL-ornithine (I; » = 3).—A solution of the copper complex of DL- 
ornithine (from 6 g. of DL-ornithine monohydrobromide) was treated with benzy] chloroformate 
(6 c.c.) portionwise with stirring during 30 min. at 0° in presence of magnesium oxide (5-6 g.). 
Stirring was continued for a further 2 hr. at room temperature, and the precipitated copper 
complex was collected, washed, suspended in 0-9N-hydrochloric acid and decomposed with 
hydrogen sulphide. The combined filtrate and washings from copper sulphide were brought 
to pH 4—5 with aqueous ammonia, and the product (6-83 g., 91%) was collected; it had m. p. 
255—-257° (decomp.) after recrystallisation from 50% aqueous ethanol (Found: C, 58-7; 
H, 7-2, Calc. for C,;,H,,0,N,: C, 58-6; H, 6-8%). 

The L-derivative (89%), obtained by the same procedure, had m. p. 253—255° (decomp.), 
{aJ} +-22-7° [c 2-9 in aqueous acetone (1: 1) containing 2 mols. of hydrogen chloride]. In the 
same solvent, Synge ? records [a]}® +17° (Found: C, 58-6; H, 6-8%). 

a-Amino-y-benzyloxycarboxyamido-L-butyric acid (I; m = 2).—This was obtained from 
L-xy-diaminobutyric acid by the foregoing procedure. The product (62%), after recrystal- 
lisation from aqueous ethanol (1: 1), had m. p. 235—236° (decomp.) in agreement with Zaoral, 


11 Wheeler and Jamieson, J. Biol. Chem., 1907, 4, 111; Greenstein, ibid., 1935, 109, 529, 541; 
Stevens and Bush, ibid., 1950, 183, 139; Hughes, Saroff, and Carney, J. Amer. Chem. Soc., 1949, 71, 
2476. 

12 Ravin and Seligman, J. Biol. Chem., 1951, 190, 391; Gomori, Proc. Soc. Exp. Biol. Med., 1954, 
87, 559. 

18 (a) Vaughan, J. Amer. Chem. Soc., 1951, 78, 3547; (b) Boissonnas, Helv. Chim. Acta, 1951, $4, 874. 
1 Ben-Ishai, J. Org. Chem., 1954, 19, 62. 

18 Hanson and Illhardt, Z. physiol. Chem., 1954, 298, 210. 

16 Adamson, J., 1939, 1564. 

17 Hunter, Biochem. J., 1939, 33, 27. 
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Rudinger, and Sorm 18 (Found: C, 57-5; H, 6-5; N, 10-8. Calc. for C,,H,,0,N,: C, 57-1; 
H, 6-4; N, 11-1%). 

e-N-Benzyloxycarbonyl-a-N -toluene-p-sulphonyl- L-lysine (Il; m = 4).—e-N-Benzyloxy - 
carbonyl-t-lysine (1-94 g.) in 1-25N-sodium hydroxide (15 c.c.) was treated with toluene-p- 
sulphonyl chloride (2 g.) in acetone (15 c.c.). Next day, the solution was acidified and diluted 
with water. The resultant oil solidified at 0° overnight, and the product (2-31 g., 77%), 
recrystallised from benzene, had m. p. 123—124° (Found: C, 57-9; H, 5-9; N, 6-1; S, 7-3. 
C,,H,,O,N,S requires C, 58-0; H, 6-0; N, 6-5; S, 7-4%). 

3-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-pDi-ornithine (II; » = 3).—Reaction of 
3-N-benzyloxycarbonyl-DL-ornithine in aqueous sodium hydroxide with an ethereal solution 
of toluene-p-sulphonyl chloride during 6 hr., followed by acidification, afforded an oil which 
crystallised at 0°. The product (93%), recrystallised from benzene or ethyl acetate-light 
petroleum (b. p. 60—80°), had m. p. 134—135° (Found: C, 57-6; H, 5-6; N, 6-8; S, 7-4. 
Cy9H,,O,N,S requires C, 57-1; H, 5:8; N, 6-7; S, 7-6%). The L-enantiomorph (82%) was 
obtained ina similar manner. Recrystallised from benzene, it had m. p. 120-5—121-5° (Found : 
C, 57-1; H, 5-8; N, 6-7; S, 7-6%). 

y-Benzyloxycarboxyamido-a-toluene-p-sulphonamido-L-butyric Acid (II; m = 2).—This was 
prepared (73%) in the manner described for the corresponding lysine derivative. After 
recrystallisation from chloroform, it had m. p. 149-5—150-5°, in agreement with Rudinger ™ 
(Found: C, 56-2; H, 5-3; N, 7-3. Calc. for C,,H,,O,N,S: C, 56-1; H, 5-5; N, 69%). The 
compound was also prepared by Rudinger’s }® method in 52% yield. 

e-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-.-lysylglycine Ethyl Ester (II1l; R= Et, 
n = 4).—e-N-Benzyloxycarbonyl-«-N-toluene-p-sulphonyl-t-lysine (6-5 g.), glycine ethyl ester 
(1-55 g.), and tetraethyl pyrophosphite (4-25 g.) in diethyl hydrogen phosphite (15 c.c.) were 
heated at 100° for 2 hr. with exclusion of moisture, cooled, and poured into water. The oily 
product was extracted into ethyl acetate and washed successively with saturated sodium 
hydrogen carbonate, dilute hydrochloric acid, and water. The extract was dried and evaporated ; 
the product (6-7 g., 86%), m. p. 103—104°, crystallised after addition of light petroleum (b. p. 
60—80°) (Found: C, 58-0; H, 6-4; N, 8-0; S, 6-2. C,,H,,0O,N,S requires C, 57-8; H, 6-4; 
N, 8-1; S, 6-2%). When the reaction was carried out at 60° for 1 hr. the yield dropped to 65%. 
Reaction of this ester with ethanolic ammonia at room temperature afforded e-N-benzyloxy- 
carbonyl-a-N-toluene-p-sulphonyl-L-lysylglycineamide (92%), m. p. 164-5—165-5° (from ethanol) 
(Found: C, 56-1; H, 6-2; N, 11-5; S, 6-3. C,,H,,O,N,S requires C, 56-3; H, 6-2; N, 11-4; 
S, 65%). 

e-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-L-lysylglycine Benzyl Ester (III; R = PhCH, 
n = 4).—This peptide derivative (92%) was synthesised by the same method from glycine 
benzyl ester hydrobromide and 1 equiv. of triethylamine. After recrystallisation from ethyl 
acetate—light petroleum (b. p. 60—80°), it had m. p. 127-5—128-5° (Found: C, 61-9; H, 5-9; 
N, 7-2; S, 5-3. C,9H,,0,N,S requires C, 61-9; H, 6-1; N, 7-2; S, 5-5%). 

3-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-pi-ornithylglycine Ethyl Ester (III; R = Et, 
n == 3).—This compound (80%), synthesised by the method used for the lysine derivative, had 
m. p. 124-5—125-5° (Found: C, 57-3; H, 6-3; N, 8-5. C,,H,,0O,N,S requires C, 57-0; H, 6-2; 
N, 8-3%). The phosphorochloridite method ?° afforded an identical product in 32% yield. 

The L-enantiomorph (82%), synthesised by the pyrophosphite procedure,! had m. p. 132-5— 
133-5° after recrystallisation from ethyl acetate—light petroleum (b. p. 40—60°) (Found: 
C, 57-0; H, 6-3; N, 8-4%). Reaction of the racemate with ethanolic ammonia afforded 
3-N-benzyloxycarbonyl-a-N-toluene-p-sulphonyl-pi-ornithylglycineamide (82%), m. p. 192—193° 
after recrystallisation from ethanol (Found: C, 55-2; H, 6-1; N, 12-0; S, 7-0. C,,H,,.O,N,S 
requires C, 55-4; H, 5-9; N, 11-8; S, 6-7%). 

3-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-L-ornithylglycine Benzyl Ester (III; R= 
Ph-CH,, ” = 3).—Prepared in the same way as the L-lysine-analogue, this compound (79%) had 
m. p. 132—133° after recrystallisation from ethyl acetate—light petroleum (b. p. 60—80°) 
(Found: C, 61-1; H, 5-8; N, 8-0; S, 6-0. C,,H,,0,N,S requires C, 61-4; H, 5-9; N, 7-4; 
S, 5-7%). 

y - Benzyloxycarboxyamido - « - toluene - p- sulphonamido -.-butyrylglycine Benzyl Ester (III; 
R = Ph:CH,, n = 2).—Prepared by the method used for the L-lysine analogue, this compound 


18 Zaoral, Rudinger, and Sorm, Chem. Listy, 1953, 47, 427; Chem. Abs., 1955, 49, 179. 
18 Rudinger, Coll. Czech. Chem. Comm., 1954, 19, 365. 
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(72%) had m. p. 156—157° after recrystallisation from ethyl acetate—light petroleum (b. p. 
60—80°) (Found : C, 60-2; H, 5-6; N, 7-8. C,,H,,0,N,S requires C, 60-7; H, 5-6; N, 7-6%). 

e-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-.-lysylglycine (IV; m = 4).—A solution of 
the ethyl ester (5-17 g.) in acetone (20 c.c.) and N-sodium hydroxide (20 c.c.) was left overnight 
at room temperature. The oil, which separated after acidification, solidified at 0°. Crystal- 
lisation from ethyl acetate-light petroleum (b. p. 60—80°) afforded the acid (needles), m. p. 
120—121°, although one batch (prisms) had m. p. 140—141°. The two specimens had identical 
elementary compositions and infrared spectra (Found : C, 56-5; H, 6-0; N, 8-2. C,;H..0,N,S 
requires C, 56-2; H, 5-9; N, 8-5%). 

3-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-pi-ornithylglycine (IV; m = 3) was obtained 
in almost theoretical yield by the method described for the foregoing compound. After 
crystallisation from ethyl acetate or aqueous acetone, it had m. p. 155—156° (Found: C, 55-5; 
H, 5-7; N, 8-9; S, 6-6. C,,H,,0,N,S requires C, 55:3; H, 5-7; N, 8-8; S, 6-7%). The 
L-enantiomorph (79%), prepared in the same manner, had m. p. 164-5—165-5° after recrystal- 
lisation from ethyl acetate-light petroleum (b. p. 40—60°) (Found: C, 55-3; H, 5-6; 
N, 93%). 

a-N-Toluene-p-sulphonyl-t-lysyiglycine (V; n = 4).—(a) Hydrogenolysis of ¢-N-benzyloxy- 
carbonyl-«-N-toluene-p-sulphonyl-L-lysylglycine (IV; m = 4) in methanol containing a few 
drops of acetic acid with palladous oxide as catalyst afforded a theoretical yield-of product, 
which crystallised from water as a monohydrate, m. p. 242—244° (decomp.), [x]?? —29-8° (c 2-3 
in N-HCl) (Found: C, 48-2; H, 6-7; N, 11-6; S, 8-7. C,;H,,0;N,S,H,O requires C, 48-0; 
H, 6-7; N, 11-2; S, 8-5%). 

(b) Hydrogenolysis of e-N-benzyloxycarbonyl-«-N-toluene-p-sulphonyl-L-lysylglycine benzyl 
ester (III; R = Ph-CH,, m = 4) in methanol afforded the same compound (92%), m. p. and 
mixed m. p. 242—244° (decomp.), [«]?! —30-0° (c 3-32 in N-HCl). 

a-N-Toluene-p-sulphonyl-pi-ornithylglycine (V; nm = 3).—This compound (94%) was obtained 
by hydrogenolysis of the 8-N-benzyloxycarbonyl] derivative (IV; » = 3) in methanol containing 
a few drops of acetic acid in the presence of palladous oxide. Recrystallised from aqueous 
acetone, it had m. p. 220—222° (decomp.) (Found: C, 48-8; H, 6-1; N, 12-2. C,sH,,O;N,S 
requires C, 49-0; H, 6-2; N, 12-2%). The L-enantiomorph (88%) was obtained in the same 
manner, having m. p. approx. 205° (decomp.) after darkening above 190° (the behaviour depends 
on the rate of heating), [«]?? —31-4° (c 1-2 in N-HCl) (Found: C, 48-7; H, 6-5; N, 12-6%). 

y-A mino-a-toluene-p-sulphonamido-L-butyrylglycine (V ; n = 2).—y-Benzyloxycarboxyamido- 
a-toluene-p-sulphonamido-.-butyrylglycine benzyl ester was hydrogenolysed in the usual way. 
The product (85%), crystallised from water—ethanol-ether or water—acetone—ether, had m. p. 
219—221° (decomp.), [a]?? —18-4° (c 3 in N-HCl) (Found: C, 47-1; H, 5-8; N, 12-7. 
C,,H,,0;N,S requires C, 47-4; H, 5-8; N, 12-8%). 

a-N-Toluene-p-sulphonyl-pi-ornithine was prepared by hydrogenolysis of the 8-N-benzyloxy- 
carbonyl] derivative (II; » = 3). It (75%) had m. p. 212-5—213-5° (decomp.) after recrystal- 
lisation from water—ethanol-ether (Found: C, 50-6; H, 6-6; N, 9-2. C,,H,,0O,N,S requires 
C, 50:3; N, 6-3; N, 9-8%). 

a-N-Toluene-p-sulphonyl-DL-arginine.—a-N-Toluene-p-sulphonyl-pt-ornithine (206 mg.) and 
S-methylisothiuronium iodide (180 mg.) were kept in a mixture of aqueous ammonia (d 0-880; 
2 c.c.) and methanol (0-5 c.c.) at room temperature during 4 days. «-N-Toluene-p-sulphonyl- 
DL-arginine (164 mg., 69%) separated and was crystallised from water. It decomposed 
gradually above 250°, but did not melt below 330° (Found: C, 47-6; H, 6-2; N, 16-9; S, 9-7. 
C,3;H,,O,N,S requires C, 47-5; H, 6-1; N, 17-1; S, 98%). a-N-Toluene-p-sulphonyl-t- 
arginine, m. p. 256—257° (decomp.), was prepared by the method of Bergmann, Fruton, and 
Pollock,®® and was converted into the hydrobromide (VII), m. p. 197—-199° (decomp.) (after 
recrystallisation from ethanol-ether) (Found: C, 38-2; H, 5-3; N, 13-3. C,,H,,O,N,SBr 
requires C, 38-1; H, 5-2; N, 13-7%). 

a-N-Toluene-p-sulphonyl-t-homoarginylglycine (V1; m = 4).—a-N-Toluene-p-sulphonyl-t- 
lysylglycine (335 mg.) and O-methylisouronium hydrogen sulphate (242 mg.) were kept in 
aqueous sodium hydroxide (1-65 c.c.) at pH 10—11 at room temperature overnight. Some 
product separated and a further quantity was obtained by adjusting the pH of the filtrate to 7 
and keeping the solution overnight at 0°. The combined crops (50%), recrystallised from 


20 Bergmann, Fruton, and Pollock, J. Biol. Chem., 1939, 127, 643. 
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water, had m. p. 262—264° (decomp.), [a]? —33-2° (c 1-69 in N-HCl) (Found : C, 48-0; H, 6-4; 
N, 18-0. C,,H,,0;N,S requires C, 48-1; H, 6-3; N, 17-56%). The picrate of this compound 
crystallised from water, having m. p. 184—185° (Found: C, 41-8; H, 4-8; N, 17-7; S, 5-0. 
C,,H,,0,.N,9 requires C, 42-0; H, 4-5; N, 17-9; S, 5-1%). 

a-N-Toluene-p-sulphonyl-DL-arginylglycine (VI; m = 3).—Reaction of «-N-toluene-p- 
sulphonyl-DL-ornithylglycine with O-methylisouronium hydrogen sulphate or S-methyliso- 
thiuronium iodide in aqueous sodium hydroxide at pH 10-5—11-0 during 4 days afforded 82% 
and 71% respectively of the arginine derivative which crystallised from water as a dihydrate, 
m. p. 265—266° (decomp.) (Found: C, 42-9; H, 6-4; N, 16-4. C,,;H,,0;N,;S,2H,O requires 
C, 42:7; H, 6-5; N, 16-6%). 

a-N-Toluene-p-sulphonyl-L-arginylglycine (VI; m = 3).—(a) By using S-methyliso- 
thiuronium iodide, this compound (56%) was obtained as the sesquihydrate by the 
method described above. After recrystallisation from water, it melted over a range with 
frothing and had [«]?? —36-8° (c 1-28 in 10% H,SO,) (Found: C, 44-0; H, 6-6; N, 17-2. 
C,,H,,0;N;S,1$H,O requires C, 43:7; H, 6-4; N, 17-0%). 

(b) a-N-Toluene-p-sulphonyl-L-arginine hydrobromide (2-05 g.), glycine ethyl ester (0-52 g.), 
and tetraethyl pyrophosphite (2-85 g.) were heated in diethyl hydrogen phosphite (5 c.c.) at 
100° for 1 hr. with exclusion of moisture. Methanol (10 c.c.) and ether (250 c.c.) were added 
to the cooled solution and the mixture was left at 0° overnight. The supernatant liquid was 
decanted and the residual gum was dissolved in methanol (10 c.c.) and N-sodium hydroxide 
(10 c.c.). After 4 hr. at room temperature, the solution was adjusted to pH 7 with dilute 
hydrochloric acid, and the product (1-05 g., 50%) was caused to crystallise by addition of acetone 
and ether to faint turbidity followed by storage at 0° overnight. After recrystallisation from 
water, it melted unsharply and had [«]?? —36-6° (c 1-3 in 10% H,SO,). The two samples were 
indistinguishable on a paper chromatogram irrigated with butan-l-ol—acetic acid—water 
(4:1: 5). 

e-N-Benzyloxycarbonyl-a-N-toluene-p-sulphonyl-L-lysine p-Benzyloxycarbonylanilide (VIII; 
R = Ph:CH,°O-CO, R’ = Ph*CH,).—Several attempts to synthesise this compound from 
e-N-benzyloxycarbonyl-«-N-toluene-p-sulphonyl-t-lysine and benzyl p-aminobenzoate by 
using tetraethyl pyrophosphite afforded yields of 15—38%. Several experiments using the 
chloroformate method of peptide synthesis }* are summarised below : 
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Chloroformate Et Et. Et Bu' 
BORVORE accvccsssescrsccccecsoccces Chloroform Dioxan Tetrahydrofuran Tetrahydrofuran 
. | 1 Oe ll 14 21 6 


Crystallised from ethanol, it had m. p. 144—145° (Found: C, 65-3; H, 6-1; N, 6-6. 
C,;H;;0,;N,S requires C, 65-3; H, 5-8; N, 65%). 

Attempted hydrogenolysis of this compound resulted in a 92% recovery of starting material. 
Reaction with hydrogen bromide in acetic acid gave no identifiable product. 

3-N-Benzyloxycarbonyl-a-N-phthaloyiglycyl-DL-ornithine Methyl Ester —N-Phthaloylglycine 
(410 mg.), 8-N-benzyloxycarbonyl-DL-ornithine methyl ester hydrochloride (633 mg.), tri- 
ethylamine (205 mg.), and tetraethyl pyrophosphite (706 mg.) were heated in diethyl hydrogen 
phosphite (2 c.c.) at 100° for 105 min. Isolation in the usual way afforded the peptide derivative 
(481 mg.), m. p. 176-5—177-5° after recrystallisation from aqueous ethanol (Found: C, 61-7; 
H, 5-4. C,,H,,0,N, requires C, 61-7; H, 5-3%). 


The authors are indebted to Professor R. D. Haworth, F.R.S., for his encouragement, to 
Mr. N. J. Baines, B.Sc., for three of the syntheses, and to Imperial Chemical Industries 
Limited for financial assistance. 
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612. Studies in Monolayers. Part V.* Formation of Monolayers 
by Sulphonated Azo-dyes on Water and Aqueous Solutions. 


By A. Cameron and C. H. GILEs. 


Research on the monolayer-forming properties, on water and inorganic 
acid and salt solutions, of water-soluble sulphonated azo-dyes is reported. 
Cetyltrimethylammonium bromide or inorganic salts aid in forming con- 
densed monolayers, but on pure water even dyes with long alkyl chains 
spread incompletely. 


FEw investigations of the behaviour of dyes in monolayers on water have been reported. 
In previous papers the film-forming properties of unsulphonated surface-active dyes, ¢.g., 
phenylazonaphthol compounds with substituted long alkyl chains, on water, acids, alkalis, 
and solutions of a variety of organic solutes have been described, and also the properties of 
mixed films of dyes and models for fibres.1 Dyes containing long alkyl chains, and there- 
fore having potential surface-activity, are technically important. 

The effect of inorganic ions upon monolayers of dyes has not apparently been studied, 
but several investigators have examined ? the reactions of metal ions with monolayers of 


NH-CO-CH, 
> S SO,Na 


(1) R=H; (IT) R= n-C,H,; (ITI) R = n-C,H,,. (IV) R= CH,; (V) R= CyHy. 


Nat 0 R R” HOY 
| f ea oe 
mol yn A N=N $O,;Na WwW N=N N=N 
OH 
9 A, 


NaO,S 


(VI) R= CH,; (VII) R= C,,H,,. (VIII) W, X, R’, R” =H; Y, Z = SO, Na. 
(IX) W, X = SO,Na; R’, R” = CH,; Y, Z=H. 


long-chain fatty acids, and their reactions with sulphated compounds have also been 
recorded.* On neutral or alkaline solutions these monolayers occupy a smaller area than 
on acids, because of dissociation and partial solution. Solidification of the monolayer 
occurs only in presence of complexes of metal ions which stabilise it by hydrogen bonding ; 
Ba** and Ca** produce no condensing effect because the salts they form are partially 
soluble. 

We have used the sulphonated azo-dyes (I—IX), most of which can be spread as mono- 
layers on water from solutions in benzene-ethanol-water. When inorganic salts and acid 
solutions are used as substrates, or a cationic agent is added to the dye solution before 
spreading, all the dyes form films which in suitable conditions reach or approach the state 
of true condensed monolayers. 

The characteristics of the films are shown in the Tables and typical force—area curves, 
etc., in Figs. 1 and 2. In Table 1 the areas occupied in the films at zero compression are 
compared with theoretical values measured from models. The models indicate that the 


* Part IV, Allingham, Giles, and Neustadter, Discuss. Faraday Soc., 1954, 16, 292. 


1 Allingham, Giles, and Neustadter, Discuss. Faraday Soc., 1954, 16, 292. 

? E.g. (a) Adam, Proc. Roy. Soc., 1921, A, 99, 336; (b) Langmuir and Schaefer, J]. Amer. Chem. Soc., 
1936, 58, 284; (c) Sasaki and Matsuura, Bull. Chem. Soc. Japan, 1951, 24, 274; (d) Wolstenholme and 
Schulman, Trans. Lae Soc., 1950, 46, 475; (e) idem, ibid., 1951, 4?, 788; (f) Havenga, Rec. Trav. 
chim., 1952, 71, 73; (g) Webb and Danielli, Nature, 1940, 146, 197. 

* Thomas Be Schulman, Trans. Faraday Soc., 1954, 50, 1131. 
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aromatic portions of all the dye molecules are planar, and the theoretical values given are 
calculated on this basis. They are given to the nearest 5 A, and represent the smallest 
rectangle enclosing the projection of the model, no allowance being made for solvated water 
molecules around the sulphonate groups. The value for the cross-sectional area of the 
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cetyltrimethylammonium ion measured in this way is about 31 A®, the same as the experi- 
mental value quoted by Schulman ‘ but rather less than Pankhurst’s ® calculated value. 

Sulphonated Dyes spread on Pure Water.—The long-chain (C,,) monosulphonated dye 
(V) forms a condensed film on water, but the molecular area is only about 20% of the 
theoretical. (The long-chain sulphate esters on water occupy more than this proportion of 
their theoretical areas.*) The disulphonated long-chain (C,, and C,,) dyes (III) and (VII) 
also give condensed films, but their areas are still lower (ca. 25% of the theoretical). The 
shorter-chain dyes (I), (II), (IV), and (VI) do not give films on pure water. 


* Schulman, in discussion following ref. 5. 
5 Pankhurst, Discuss. Faraday Soc., 1949, 6, 52. 
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Sodium Chloride Solutions as Substrate —Sodium ions reduce the solubility of all these 
dyes by the common-ion effect, and tend to improve the film-forming properties. The 
dyes with the smallest molecules [(I), (II)] still do not form films, however, even on salt 
solutions concentrated enough to precipitate them completely. Presumably under these 
conditions the dyes exist as floating aggregates. Those with medium-sized molecules and 


TABLE 1. Molecular areas (A) and compressibilities (A? dynes“! cm.-}) of 
sulphonated azo-dyes.* 


Molarity of salt solution in substrate ft 


CTAB Area 0-1 0-5 1-0 2-0 3-0 4-0 5-0 
Dye (mol.) ¢ (calc.) H,O 0-0002 0-005 0-02 0-2 
(I) 2 125 92(0-95) 119(1-6) 
108, 86 280, 98 
(iI) — 65  17(0-46) 27(0-40) 39(0-40) 46(0-50) 53(0-40) 53(0-40) 47(0-35) 
20, 17 44, 20 60,32 66,40 72,44 72,44 454, 42 
(IV) _ 8U x 57(2-2) 
150, 46 
(IV) l 110 52(0-80) 74(0-70) 
88, 46 140, 60 
(V) — 80 22(0-42) 72(0-90) 65(0-90) 
29, 19 85, 58 77, 54 
(VI) — 120 x 79(2-0) 
150, 67 
(VI) 2 180 98(1-2) 166 (2-5) 
148, 84 256, 148 
(VII) — 120 40(0-50) 61(0-70) 82(0-80) 92(0-90) 92(0-90) 92(0-90) 
46,38 82,56 98,72 106,86 106,86 108, 82 
(VII) — 120 40(0-50) 53(0-7) 67(0-7) 84(0-8) 84(0-80) 
46, 38 60,46 74,62 94,78 94, 78 
(VII) 2 180 134(1-7) 143(1-6) 143(1-6) 143(1-6) 
148, 114 162, 113 162, 113 162, 113 
(VIII) — 65 x 61(4-0) 
150, 50 
(VIII) 2 130 148(1-8) 
280, 110 
(IX) — 120 x 42(2-5) 
150, 36 
(IX) 2 180 116(1-2) 158(2-0) 
160, 96 255, 136 


* The compressibility, in parentheses, follows the area at zero compression. The last two figures 
in each entry are the area at commencement of development of measurable surface pressure and that 
at the lowest point of the linear portion of the force—area curve. 

+ Cetyltrimethylammonium bromide. t Roman numerals, NaCl; italics, BaCl,. 

x No film formed. 


TABLE 2. Effect of change of pH on monolayers of dye (VII). 


Apparent Apparent 
molecular Compressi- : molecular - Compressi- 
Substrate pH area * bility + Substrate pH area * bility f¢ 
Buffer ......... 4-2,3-1 49, 60, 44 0-56 5 x 10-*m-BaCl, 10-1, 8-1, 57, 62, 51 0-80 
2:1 53, 73, 45 0-69 7-2, 6-6 
1-6 75, 107, 60 1-13 10-$m-CuCl, ... 6-1 53, 64, 50 0-63 
0-1n-HCl 1-2 90, 119, 76 1-00 f 5-2 48, 64, 44 0-55 
1-O0n-HCl 0-4 90, 119, 76 1-00 { 4-4 36, 46, 33 0-40 
3-1 45, 54, 39 1-20 


* In A?, at zero compression, first measurable pressure, and lowest point of force-area curve, 
Pp ] po 
respectively. A 
+ From force-area curve (A? dyne™ cm."?). 


well-spaced hydrophilic groups, but no alkyl ales [(IV), (VI), (VIII), ([X)] tend to form 
gaseous films, with a force of ca. 0-5 dyne/cm. at very large areas on 4M-salt solution. The 
long-chain dyes form condensed films approaching the theoretical molecular areas on 
concentrated salt solutions. 

The films of dyes (IV) and (VI) are not very stable, and collapse at fairly low surface 
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pressures (11 and 12 dynes/cm. respectively) ; their areas at zero compression (by extrapol- 
ation) are only slightly less than those of their respective long-chain homologues, so 
that the orientation must be similar. This appears to be more or less perpendicular to the 
water surface, with the sulphonate group or groups in the lowest possible position, except 
for (IV) and (V) where the hydrophilic nature of the hydroxyazo-chelate ring causes the 
molecule to stand with both this ring and the sulphonate group level with the surface 
(cf. the similar effect of the hydroxyazo-group in unsulphonated azo-dyes ®). 

The Effect of Change of pH.—One long-chain dye (VII) was spread on a series of acid 
solutions of decreasing pH. Rise of acidity reduces solubility by suppressing ionisation 
of the sulphonate groups, and causes an increase in film area, until at pH 1-2 complete 
spreading of the dye appears to be attained. The film on acid is slightly more compress- 
ible than that on salt solutions, perhaps because of the smaller size of the ionic head-group 
in the acid form. 

The agreement of the molecular areas found for each dye with those estimated from 
models, without allowance for any water atmosphere round the sulphonate groups, suggests 
that the water held between these groups is largely forced out when the films are 
compressed. This is confirmed by the small decrease in molecular areas (ca. 8 A?) when the 
bivalent barium ion replaces sodium as the cation. Any water cross-bonded to adjacent 
pairs of azo-groups (as in the unsulphonated azo-dyes !*) could be accommodated between 
the dye molecules, because the sulphonate groups are thicker than the aromatic nuclei. 

Barium Chloride Solutions as Substrates—Complete spreading is obtained with much 
more dilute solutions of this salt than of sodium chloride, because of the much lower 
solubility of the barium salts of the dyes, but the maximum molecular areas obtained at a 
given pH are slightly less than those on sodium chloride, by almost the same amount in 
each case; the film compressibility is not altered. The effect is similar to that of barium 
on, ¢.g., stearic acid. The sulphonate groups are apparently therefore linked inter- 
molecularly in pairs by the bivalent barium ion, and the decrease in area is attributable to 
the absence of the water atmosphere between the two sodium ions. 

Change of pH, both inside and outside the range in which basic barium ions are formed, 
did not alter the monolayers of dye (VII) spread on barium chloride. The insolubilising 
effect of barium on this dye must therefore be due to simple salting-out rather than to 
cross-bonding. 

Cupric Chloride Films as Substrates—Copper and other metal salts have been used to 
form condensed monolayers of partially soluble or incompletely spreading surface-active 
substances; thus films of myristic acid or long-chain sulphates are changed from liquid- 
expanded to solid types in presence of basic complex copper carbonate ions.2** The dye 
(VII) was therefore spread on 10*m-cupric chloride solutions saturated with carbon dioxide 
at pH values between 3-1 and 6-1. Very incompressible films are formed between pH 4-4 
and 6-1, the area of the film increasing with pH but being always less than the theoretical. 
Apparently a cross-linked network of dye anions and complex copper carbonate ions is 
formed, which is fairly soluble in water. At pH 3-1 the compressibility is similar to that on 
acidic sodium chloride, and the complex copper—dye network is probably absent. 

Mixed Films with Cationic Agent—When the dyes are mixed with equivalent 
quantities of cetyltrimethylammonium bromide all of them spread on pure water. The 
apparent molecular areas are somewhat less than those calculated for a completely 
condensed film in which each sulphonate group is associated with one molecule of the 
cationic agent, so that partial solution of the dye—cationic agent complex must be taking 
place. On sodium chloride solutions, however, the mixed films give molecular areas much 
nearer the theoretical. The mixed films are usually much more compressible when the dye 
has no long alkyl chain than when it has a C,, or C,, chain, and evidently the alkyl chain 
prevents the dye from being forced down into the water under pressure. 


* Giles and Neustadter, (a) J., 1951, 918; (b) J., 1952, 1864; (c) J., 1952, 3806. 
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EXPERIMENTAL 


The dyes were purified specimens, some prepared by us; distilled water was used, and 
inorganic materials were of Analytical Reagent quality. All experiments were made at room 
temperature. Cetyltrimethylammonium bromide was 99% pure. 

The design of the film balance used is developed from one described by Allan and Alexander.’ 
The trough and movable barrier are machined from solid blocks of Polythene and bolted to a 
heavy brass plate to ensure rigidity. The only paraffin-wax coating required is a small amount 
covering the countersunk bolt heads. The floating barrier is made of Teflon (polytetrafluoro- 
ethylene) attached by fine Polythene threads to the trough and suspended from the balance 
head; this swings on agate knife-edges, and carries the usual mirror for the optical lever system. 
The whole apparatus is enclosed in a metal case and the controls are operated from outside. 

All the dyes, alone or mixed with cetyltrimethylammonium bromide, were spread from 
solutions in water—ethanol—benzene (1 : 2: 2, v/v). 

Stuart-type atomic models (Catalin Ltd.) were used to measure molecular dimensions. 


The authors thank Professor P. D. Ritchie for his encouragement and interest; R. B. Collins, 
D. J. Fry, and Messrs. Ilford Limited, and Dr. M. A. T. Rogers and Imperial Chemical 
Industries Limited, Dyestuffs Division, for the gift of many dyes and surface-active materials ; 
and the Wool Textile Research Council for a grant and for a scholarship (to A. C.). 
DEPARTMENT OF TECHNICAL CHEMISTRY, 
Royat COLLEGE OF SCIENCE AND TECHNOLOGY, 
Grascow, C.1. [Received, November 12th, 1957.] 
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613. Preparation of Some Naphthofurans. 
By P. Emmott and R. LIVINGSTONE. 


Naphtho(2’ : 1’-2 : 3)furan, naphtho(2’ : 3’-2 : 3)furan, 4-methoxynaphtho- 
(1’ : 2’-2: 3)furan, and their 5-carboxylic acids have been prepared by a 
general method from hydroxynaphthaldehydes, similar to that used in the 
synthesis of coumarone.* 


THIS paper records syntheses of the three possible naphthofurans (though of one only in 
traces) and of some derivatives. 

Synthesis of naphtho(2’: 1’-2:3)furan started with condensation of 2-hydroxy-l- 
naphthaldehyde* and ethyl bromoacetate to give the aldehydo-ester (I). This was 
hydrolysed by dilute aqueous sodium hydroxide to the corresponding acid which was 
cyclised by acetic anhydride and sodium acetate to the furan (II) (previously * prepared 
from l-naphthyloxyacetaldehyde). Treating the ester (I) with concentrated aqueous 
potassium hydroxide caused cyclisation as well as hydrolysis, the naphthofurancarboxylic 
acid (III) being obtained directly. 


we be O-CH,*CO,Et 


CHO 
(1) 





Synthesis of naphtho(2’ : 3’-2 : 3)furan required a suitable preparation of 2-hydroxy- 
3-naphthaldehyde; the only successful one found was reduction of 2-hydroxy-3-naphthoic 
acid with lithium aluminium hydride to 3-hydroxymethyl-2-naphthol (IV) followed by an 

1 Rossing, Ber., 1884, 17, 3000. 


? Russell and Lockhart, Org. Synth., 22, 63. 
* Stoermer, Annalen, 1900, 312, 237. 
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Oppenauer oxidation to the anges. The yield of aldehyde was not as high as that 
obtained by Rosenmund reduction * of the acid chloride (V) but the method was simpler. 


Cie I ‘OH Oz 0 Seay, 


(IV) (VI) 


The aldehyde was condensed with a bromoacetate and the product, ethyl 3-formyl-2- 
naphthyloxyacetate, hydrolysed to the aldehydo-acid which with acetic anhydride and 
sodium acetate gave a mixture of naphtho(2’ : 3’-2 : 3)furan and its 5-carboxylic acid (VI) 
in good yields. This naphthofuran has been previously prepared by decarboxylation of 
its 5-carboxylic acid.5 


OY mp CO, Et set ] On ] 
(VII) (VIII) (IX) CO3H 


Attempted preparation of naphtho(1’ : 2’-2 : 3)furan from 1-hydroxy-2-naphthaldehyde 
by the above method gave only black tars, but oul of the 4’-methoxy-derivative (VIII) 
proved successful. 1-Hydroxy-4-methoxy-2-naphthaldehyde, prepared from 1-hydroxy- 
4-methoxy-2-naphthoic acid,* was condensed with ethyl bromoacetate. The product 
(VII) was hydrolysed by dilute sodium hydroxide solution to its acid and cyclised in the 
usual way to give 4’-methoxynaphtho(I’ : 2’-2 : 3)furan (VIII) and small quantities of the 
5-carboxylic acid (IX). The latter compound was also prepared by the ring closure of 
the ester (VII) with sodium ethoxide. Resins have often been obtained in attempts to 
prepare naphthofurans from substituted «-naphthols, and the yields in successful reactions 
are usually lower than in the $-naphthol series. 

The bromination of naphtho(l’ : 2’-5 : 6)-2-pyrone having been used in the synthesis 
of naphtho(2’ : 1’-2 : 3)furan,”** the isomeric naphthopyrone (X) was prepared from 
«-naphthol and malic acid in the presence of sulphuric acid,* and the derived dibromide (XT) 


o> OR, OA, - 8, 


(X) @) (XI) (XII) (XIIT) 





was treated in ethanol with aqueous potassium hydroxide, affording naphtho(I’ : 2’-2 : 3)- 
furan-5-carboxylic acid (XII). Attempts to decarboxylate this acid with soda lime or with 
copper chromite in quinoline gave only traces of the furan (XIII) (identified as the picrate). 

Bromination of the naphthopyrone (X) in chloroform or acetic acid occurred in the 
naphthalene nucleus, giving the 4’-bromo-derivative (XIV). The yields were good, but 
prolonged exposure to bromine gave much tar. The structure of this compound (XIV) 
was verified by oxidation with potassium permanganate in acetone and decarboxylation 
of the resulting 1-hydroxy-4-bromo-2-naphthoic acid to 4-bromo-«-naphthol. 


4 Boehm and Profit, Arch. Pharm., 1931, 269, 25. 

5 Takeda, Shimada, and Kitahonoki, J. Pharm. Soc. Japan, 1950, '70, 268. 
* Livingstone and Watson, J., 1956, 3701. 

7 Dey, Rao, and Sankaranarayanan, J. Indian Chem. Soc., 1932, 9, 281. 
5 Idem, ibid., p. 71. 
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The bromonaphthopyrone (XIV) underwent ring fission and inversion on treatment 
with aqueous potassium hydroxide, to give trans-8-(4-bromo-l-hydroxy-2-naphthyl)- 
acrylic acid (XV), a reaction already observed with the chloro-analogue.® 


Br 
«eG 
HO i 
(xv) CH-CO3H 





EXPERIMENTAL 


3-Hydroxymethyl-2-naphthol_—3-Hydroxy-2-naphthoic acid (6-3 g.) was refluxed in ether 
(70 c.c.) with lithium aluminium hydride (1-3 g.) for 4 hr. with stirring, then set aside overnight. 
Water was added, and the mixture poured on ice and dilute sulphuric acid, and extracted with 
ether. The ethereal solution was washed with sodium hydrogen carbonate solution, from 
which the acid (2-2 g.) was recovered. Evaporation of solvent and crystallisation of the product 
from ethanol gave 3-hydroxymethyl-2-naphthol (1-6 g.), m. p. 191° (Found: C, 75-7; H, 5-8. 
C,H, 0, requires C, 75-8; H, 5-7%). 

2-H ydroxy-3-naphthaldehyde.—A solution of aluminium fert.-butoxide (1-4 g.) in dry benzene 
(30 c.c.) was added to one of 3-hydroxymethyl-2-naphthol (2-1 g.) and p-benzoquinone (4 g.) in 
dry benzene (60 c.c.). The solution was refluxed for 14 hr. and the excess of benzene and 
p-benzoquinone was then removed by steam-distillation. The mixture was cooled, treated 
with concentrated sulphuric acid (1 c.c.), and steam-distilled. The solid in the distillate was 
purified by decomposing the bisulphite derivative with hot dilute sulphuric acid, giving 3- 
hydroxy-2-naphthaldehyde (0-3 g.) as yellow needles, m. p. and mixed m. p. 98°. 

3-Formyl-2-naphthyloxyacetic Acid.—Ethyl bromoacetate (0-4 c.c.), potassium carbonate 
(0-8 g.), and 3-hydroxy-2-naphthaldehyde (0-4 g.) in acetone (10 c.c.) were refluxed for 3 hr. and 
set aside overnight. After filtration, evaporation and crystallisation of the product*from 
ethanol gave ethyl 3-formyl-2-naphthyloxyacetate (0-5 g.), m. p. 91—92°. The ester was 
refluxed for $ hr. with 5% sodium hydroxide solution (20 c.c.), then poured into dilute hydro- 
chloric acid, to give 3-formyl-2-naphthyloxyacetic acid (0-4 g.), m. p. 173—174°. Takeda, 
Shimada, and Kitahonoki 5 give m. p. 174°. 

Naphtho(2’ : 3’-2 : 3)furan.—3-Formyl]-2-naphthyloxyacetic acid (0-4 g.), acetic anhydride 
(10 c.c.), and fused sodium acetate (1 g.) were heated under reflux for 2 hr., then poured into 
water and set aside overnight. The solid was dissolved in ether, washed with sodium hydrogen 
carbonate solution, then water, and dried. Removal of solvent, chromatography from benzene, 
and crystallisation from aqueous ethanol gave the naphthofuran (0-1 g.), m. p. 120° (lit., m. p. 
121°) (Found: C, 85-4; H, 4-6. Calc. for C,,H,O: C, 85-7; H, 48%). A picrate, prepared 
from methanolic solution, formed orange needles, m. p. 134°. Acidification of the sodium 
hydrogen carbonate extract with dilute hydrochloric acid, and recrystallisation of the product 
from ethanol, gave naphtho(2’ : 3’-2 : 3)furan-5-carboxylic acid (VI) as needles, (0-1 g.’, m. p. 
285° (lit., m. p. 291°) (Found: C, 73-8; H, 4-1. Calc. for C,,H,O,: C, 73-6; H, 3-8%). 

Ethyl 1-Formyl-2-naphthyloxyacetate—Ethyl bromoacetate (1-6 c.c.), potassium carbonate 
(4 g.), and 2-hydroxy-l-naphthaldehyde (2 g.) in acetone (50 c.c.) gave, as for the isomer, 
ethyl 1-formyl-2-naphthyloxyacetate (2-5 g.), m. p. 92° (Found: C, 69-4; H, 5-2. C,,;H,,0, 
requires C, 69-8; H, 5-4%). 

1-Formyl-2-naphthyloxyacetic Acid.—The foregoing ester (2 g.) and 5% sodium hydroxide 
solution (80 c.c.) were refluxed for} hr. The mixture was cooled and poured into dilute hydro- 
chloric acid. Filtration and recrystallisation from light petroleum (b. p. 80—100°) gave the 
acid (1-5 g.) as needles, m. p. 176—177° (Found : C, 67-1; H, 4-0. C,3H,9O, requires C, 67-6; 
H, 4:3%). 

Naphtho(2’ : 1’-2 : 3)furan (I1).—The foregoing acid (1 g.), acetic anhydride (30 c.c.), and 
fused sodium acetate (3 g.) were heated under reflux for 2 hr., then poured into water and set 


® Chakravarti and Bagchi, J. Indian Chem. Soc., 1936, 18, 649. 
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aside overnight. The solid was dissolved in ether and washed with sodium hydrogen carbonate 
solution, then water, and dried. Evaporation of solvent and crystallisation from light petroleum 
(b. p. 80—100°) gave the naphthofuran (0-6 g.), m. p. 60—61° (lit.,5 m. p. 60—61°) (Found : 
C, 86-0; H, 4-7. Calc. for C,,H,O: C, 85-7; H, 48%). Acidification of the sodium hydrogen 
carbonate extract gave a mixture of acids, presumably the 5-carboxylic acid and unchanged 
aldehydo-acid. 

Naphtho(2’ : 1’-2 : 3)furan-5-carboxylic Acid (III).—Ethyl 1-formyl-2-naphthyloxyacetate 
(2-5 g.) was refluxed for 5 hr. with water (30 c.c.) and potassium hydroxide (30 g.)._ Acidification 
and crystallisation from benzene gave the naphthofuran-5-carboxylic acid (2 g.), m. p. 192° 
(lit. m. p. 191—192°) (Found: C, 73-2; H, 3-6. Calc. for C,,H,O,: C, 73-6; H, 3-8%). 

Ethyl 2-Formyl-4-methoxy-1-naphthyloxyacetate-—Ethyl bromoacetate (2-4 c.c.), potassium 
carbonate (6 g.), and 1-hydroxy-4-methoxy-2-naphthaldehyde (3 g.) in acetone (75 c.c.) gave, 
as above, ethyl 2-formyl-4-methoxy-1-naphthyloxyacetate (4 g.), m. p. 89—90° (Found: C, 66-2; 
H, 5-6. C,,H,,0,; requires C, 66-6; H, 5-6%). This (1 g.) was hydrolysed by 5% sodium 
hydroxide solution (20 c.c.) to the aldehydo-acid (0-7 g.), m. p. 179—180° (Found: C, 63-9; 
H, 5-1. C,4H,,0,; requires C, 64-2; H, 4-6%). 

4’-Methoxynaphtho(1’ : 2’-2 : 3)furan.—The methoxy-acid (0-6 g.), acetic anhydride (20 c.c.), 
and fused sodium acetate (2 g.) were heated under reflux for 2 hr., poured into water, and set 
aside overnight. The solid was dissolved in ether and washed with sodium hydrogen carbonate 
solution, then water, and dried. Evaporation and chromatography from benzene gave 4’- 
methoxynaphtho(I’ : 2’-2 : 3)furan (0-3 g.), b. p. 135°/760 mm., n?? 1-5749. A picrate, prepared 
in methanol, formed red needles, m. p. 183—184° (Found: C, 53-9; H, 2-9. C,,H,,0,N; 
requires C, 53-4; H, 3-0%). Acidification of the sodium hydrogen carbonate washings gave 
the 5-carboxylic acid (0-03 g.), m. p. 278° (see below). 

4’-Methoxynaphtho(1’ : 2’-2 : 3)furan-5-carboxylic Acid.—A solution from sodium (0-2 g.) in 
dry ethanol (5 c.c.) was added to ethyl 2-formyl-4-methoxy-1-naphthyloxyacetate (1 g.) in dry 
ethanol (10 c.c.), and the mixture refluxed for 5 min., cooled, taken up in ether, and extracted 
with sodium hydrogen carbonate solution. Acidification of the extract followed by crystal- 
lisation from acetic acid gave the 5-carboxylic acid (0-3 g.), m. p. 278° (Found : C, 69-0; H, 4-2. 
C,H, 90, requires C, 69-5; H, 4:1%). 

3 : 4-Dibromo-3 : 4-dihydronaphtho(2’ : 1’-5 : 6)- 2-pyrone.—Naphtho(2’ : 1’- 5 : 6)-2-pyrone 
(2 g.) was refluxed with carbon disulphide (80 c.c.), and cooled. The undissolved pyrone (0-2 g.) 
was separated and bromine (1 c.c.) in carbon disulphide (10 c.c.) added to the solution which was 
set aside for 2 days; more unchanged naphthopyrone (0-3 g.) was precipitated. After filtration, 
part of the solvent was removed and orange crystals of the dibromide separated. Recrystal- 
lisation from benzene and light petroleum (b. p. 80—100°) gave white needles (1-5 g.), m. p. 
113° (Found : C, 43-3; H, 2-3; Br, 44-6. C,,H,O,Br, requires C, 43-8; H, 2-2; Br, 44-8%). 

4’-Bromonaphtho(2’ : 1’-5 : 6)-2-pyrone.—(i) To a solution of the naphthopyrone (10 g.) in 
chloroform (100 c.c.) was added bromine (5 c.c.) in chloroform (20 c.c.). Hydrogen bromide 
was evolved and the mixture was left for 3 hr. Removal of the solvent gave a red gum which 
following crystallisation from ethanol gave the 4’-bromo-derivative (10-7 g.) as needles, m. p. 
170—171°. (ii) The naphthopyrone (1 g.) in glacial acetic acid (10 c.c.) was treated with 
bromine (0-6 c.c.) in acetic acid (2c.c.). Evaporation and crystallisation from ethanol gave the 
4’-bromo-derivative (0-8 g.), m. p. 170—171° (Found: C, 56-7; H, 2-5; Br, 29-0. C,,;H,O,Br 
requires C, 56-7; H, 2-6; Br, 27-8%). 

Naphtho(\’ : 2’-2 : 3)furan-5-carboxylic Acid.—Ethanol (10 c.c.) was added to potassium 
hydroxide (1 g.) in the minimum amount of water. This solution was added to the preceding 
dibromide (0-5 g.) in ethanol (10 c.c.). The mixture was refluxed for 4 hr. and set aside for a 
further 2 hr. The potassium salt of the naphthofurancarboxylic acid was precipitated by the 
addition of solid potassium hydroxide, separated by filtration, dissolved in water, and acidified 
with hydrochloric acid, to afford the acid (0-2 g.), m. p. 250° (decomp.) (Found : C, 73-6; H, 3-7. 
C,,;H,O; requires C, 73-2; H, 3-4%). 

trans-8-(4-Bromo-1-hydroxy-2-naphthyl)acrylic Acid.—The 4’-bromonaphthopyrone (5 g.) 
was refluxed for 1 hr. with 5% potassium hydroxide solution (100 c.c.). 70 c.c. of the water 
were removed by evaporation, and the potassium salt of the acid precipitated by solid potassium 
hydroxide, separated, dissolved in water, and acidified with hydrochloric acid, to afford the 
acrylic acid (1 g.), m. p. 290—291° (Found: C, 53-8; H, 2-7. C,s;H,O;Br requires C, 53-3; 
H, 3-1%). 
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Degradation of 4'-Bromonaphtho(\’ : 2’-2 : 3)pyrone.—The bromonaphthopyrone (1-9 g.) was 
refluxed and stirred for 6 hr. with potassium permanganate (6-5 g.) in acetone (70 c.c.). The 
solid was filtered off and sulphur dioxide bubbled through its suspension in water (100 c.c.) until 
all the inorganic matter had dissolved. The residue crystallised from toluene, to give 4-bromo-1- 
hydroxy-2-naphthoic acid (0-5 g.), m. p. and mixed m. p. 237—238°. 

This acid (0-4 g.) was heated for several minutes just above its m. p. It darkened and 
evolved carbon dioxide. The residue was extracted with ether, and the extract washed with 
sodium hydrogen carbonate solution and then sodium hydroxide solution. The sodium 
hydroxide extract on acidification and crystallisation from aqueous ethanol gave 4-bromo-1l- 
naphthol (0-2 g.), m. p. 121°. 


MUNICIPAL COLLEGE, BURNLEY. (Received, February 22nd, 1957.] 





614. The Resolution and Reactions of Tertiary Alcohols : 
2-Phenylbutan-2-ol and 3-Methylhexan-3-ol. 
By Atwyn G. Daviss, J. Kenyon, and L. W. F. SALame. 


The resolution of 2-phenylbutan-2-ol by Zeiss’s method has been repeated ; 
some simplifications of procedure are suggested. 

Preliminary experiments show that the resolution of 3-methylhexan-3-ol 
takes place slowly by the same method. 


ALTHOUGH some scores of secondary alcohols have been resolved into their optical isomers, 
usually by the crystallisation of alkaloidal salts of their hydrogen phthalates, it is only 
recently that this method has been applied successfully to tertiary alcohols.” In 1948 the 
resolution of 2: 4-dimethylhexan-4-ol was announced,® followed shortly by that of 2- 
phenylbutan-2-ol.4 Since then, similar resolutions of 3-methylpent-l-yn-3-ol 5 and of 
1-phenyl-1-2’-pyridylethanol * have been described, and 1-phenyl-1-2’-pyridylpropanol ® 
has been resolved as its salt with (-++)-tartaric acid.* 

As a preliminary to further work on optically active tertiary alcohols, we re-investigated 
the resolution of 2-phenylbutan-2-ol. Zeiss’s work * has, in general, been confirmed, but 
with the following significant modifications. 

The reaction of tertiary alcohols with phthalic anhydride is usually carried out through 
their potassium salts, as the alcohols are unreactive towards the anhydride in the presence 
of pyridine.** It is now shown that the esters can be prepared more conveniently and 
in equally good yield by treating the alcohol with phthalic anhydride in the presence of the 
stronger base, triethylamine. By this procedure, the hydrogen phthalates of 2-phenyl- 
butan-2-ol, ¢ert.-butyl alcohol, 3-methylhexan-3-ol, and 2-methyl-1-phenylbutan-2-ol 
have been prepared. 

Fractional crystallisation of the brucine salt of the hydrogen phthalate yielded as the 
less soluble fractions the salt of the (+)-hydrogen phthalate, whereas Zeiss obtained the 
salt of the (—)-acid ester. The brucine salt is solvated with one molecule of acetone per 
molecule of salt, and it seems possible that the temperature at which crystallisation is 


* y-Hydroxy-y-phenylvaleric acid,” 4-hydroxy-4-methylhexanoic acid (CO,H = 1), and a number of 
disubstituted glycollic acids, which may be regarded as tertiary alcohols, have also been resolved.*® 


1 Pickard and Kenyon, J., 1907, 91, 2058 e¢ seq.; Ingersoll, Organic Reactions, 1944, 2, 376. 
® See, e.g., Wilson, Trans. Faraday Soc., 1941, 37, 706; Lowry, ‘‘ Optical Rotatory Power,’’ Long- 
mans, Green & Co., London, 1935, p. 262. 
* Doering and Zeiss, J. Amer. Chem. Soc., 1948, 70, 3966; 1950, 72, 147. 
Zeiss, tbid., 1951, 78, 2391. 
Hickman and Kenyon, /J., 1955, 2051. 
Davies, Kenyon, and Thaker, J., 1956, 3394. 
Reid and Turner, J., 1951, 3219. 
* Kenyon and Symons, /J., 1953, 3580; Christie, McKenzie, and Ritchie, /., 1935, 153; McKenzie 
and Clough, J., 1910, 97, 1016. 
* Fuller and Kenyon, J., 1924, 125, 2304; Balfe, Kenyon, and Thain, /J., 1951, 386. 
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induced from the acetone solution may favour the separation of one or other of the 
diastereomeric salts.1° 

Separation of the salts was slow and erratic and eventually it proved more convenient 
to liberate a small amount of hydrogen phthalate from each crop of salt and on the basis 
of their rotatory powers decide which crops could be mixed for further fractionation. By 
following this procedure, both diastereoisomeric salts have been obtained optically pure. 
Both the (+-)- and the (—)-form of the hydrogen phthalate are oils, but a mixture of equal 
weights of these combine to re-form the crystalline, more stable, racemate. 

The optically pure (—)-alcohol has been obtained by the action of sodium ethoxide 
directly on the brucine salt of the (+-)-hydrogen phthalate, and the structural identity 
of the (—)- and the (+)-alcohol has been confirmed by preparation from each of identical 
specimens of, dimorphic, 1-methyl-l-phenylpropyl #-tolyl sulphone. 

The optically active hydrogen phthalates undergo hydrolysis with ethanolic potassium 
hydroxide to yield optically active alcohols without loss of rotatory power, as is shown by 
their reconversion into hydrogen phthalates possessing their original rotatory powers. 
Thus the use, for this purpose,‘ of lithium aluminium hydride or Grignard reagents appears 
unnecessary. 

Preliminary experiments were also carried out on the resolution of 3-methylhexan-3-ol. 
Twelve recrystallisations of the brucine salt of the hydrogen phthalate from ethyl acetate 
raised the melting point of the salt from 154—155° (crop A) to 160—161° (crop L) but did 
not change the rotatory power of the salt, and the activity of the hydrogen phthalate 
recovered from crop L was negligibly small. The alcohol recovered from the hydrogen 
phthalate from various crops of brucine salt, however (Table 2), showed a progressive 
change in optical rotatory power. This is the behaviour to be expected from the steady 
separation of two diastereoisomeric salts by fractional crystallisation. 


EXPERIMENTAL 


2-Phenylbutan-2-ol was a good commercial sample, b. p. 100—102°/14 mm., ni? 1-517. 

1-Methyl-1-phenylpropyl Hydrogen Phthalate-——A mixture of the alcohol (60 g.), phthalic 
anhydride (59-2 g.) and dry triethylamine (45 g.) was mechanically stirred at about 90° for 8 hr. 
The oily product was shaken with ether (250 c.c.) and iced N-hydrochloric acid (400 c.c.). The 
separated ethereal layer was washed with cold dilute acid and with water, and then extracted 
three times with dilute sodium carbonate solution. The combined extracts were washed with 
ether, cooled to 0°, and acidified to Congo-red with n-hydrochloric acid. The precipitated oil 
rapidly solidified; it was washed with water and dried im vacuo. Yields from 3 experiments 
were 64, 61, and 75 g., and the m. p. 107—108° (decomp.). The hydrogen phthalate separates 
from ether as rhombs, m. p. 111-5—113° (decomp.) (Found: M, 300. Calc. for C,,H,,0,: 
M, 298). 

By a similar method, ¢ert.-butyl hydrogen phthalate was obtained in 75% yield, m. p. and 
mixed m. p. 79—80°, and l-ethyl-l-methylbutyl and 1-benzyl-l-methylpropyl hydrogen 
phthalate as amber oils in 78% and 65% yield, respectively. 

(+)-1-Methyl-|1-phenylpropyl Hydrogen Phthalate.—The progress of the resolution was 
followed by determining the rotatory power (in ethanol solution, ¢ ca. 5) of the hydrogen phthal- 
ate which was liberated from the brucine salt by Zeiss’s method, modified by omitting the 
addition of ethanol. 

A solution of the (+)-hydrogen phthalate (97 g.) and brucine (128 g.) in acetone (290 c.c.), 
deposited successive crystalline crops of the brucine salt A (200 g.), A! (10-8 g.; hydrogen 
phthalate, [«], —33°), A™ (9-2 g.; hydrogen phthalate, [«],, — 24°), and A™ (3-8 g.; hydrogen 
phthalate, [«], +3°). Recrystallisation of crop A gave crop B. Concentration of the filtrate 
from B yielded subsidiary crops B! (16-6 g.; hydrogen phthalate, [«], —23-6°), B™ (10 g.), 
and B™ (1 g.; hydrogen phthalate, [a], +11°). 

Crop B was recrystallised five times, giving crop G (44 g.; hydrogen phthalate, [a], + 41°). 
An additional nine recrystallisations yielded crop P (10 g.), m. p. 120—122°, which gave a 
hydrogen phthalate as an oil, [«]}’ +-50-0° not raised by further recrystallisation of the salt. 


'© Cf. Houssa and Kenyon, J., 1930, 2260. 
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The values for [«], of the (+)-hydrogen phthalate (¢ 5-320 in EtOH) vary linearly with 
temperature from 51-9° at 12-5° to 47-5° at 23°. 

(—)-1-Methyl-1-phenylpropyl Hydrogen Phthalate.—Various specimens of the more soluble 
brucine salt from the filtrates (from which hydrogen phthalates of [«]p varying from —13° to 
— 33° had been obtained) were combined (total, 129 g.) and dissolved in acetone (650c.c.). After 
8 recrystallisations a brucine salt was obtained (10-3 g.) as rhombs, m. p. 131—132° (decomp.), 
which yielded an oily hydrogen phthalate, [«]}* —49-7° not raised by further recrystallisation 
of the brucine salt. 

Regeneration of the (+)-Hydrogen Phthalate-——Ethanol solutions of equivalent amounts of 
the liquid (+)- and (—)-hydrogen phthalate were mixed, giving an optically inactive solution 
which was evaporated to dryness at room temperature. The oily residue was dissolved in 
ether and seeded with the racemic hydrogen phthalate, and the solution allowed to evaporate, 
giving the crystalline (-+)-hydrogen phthalate (68%), m. p. and mixed m. p. 113—115° (decomp.) 

(—)-2-Phenylbutan-2-ol.—The sensitivity of the optically active hydrogen phthalate to 
dilute mineral acid prompted the direct recovery of the alcohol from the brucine salt of the 
hydrogen phthalate as follows. Solutions of sodium (2-8 g.) and of the brucine salt of the 
(+)-hydrogen phthalate (21-0 g.), each in ethanol (60 c.c.), were mixed and heated under reflux 
for 0-5 hr. During this period a white solid separated, which slowly became orange. The 
bulk of the ethanol was removed under reduced pressure at <65°. The semisolid residue was 
mixed with iced water (130 c.c.), the oily suspension was immediately extracted with ether 
(3 x 50 c.c.), and the extracts were washed and dried; these yielded the (—)-alcohol (3-6 g.), 
b. p. 112—114°/23 mm., n?° 1-5180, n?° 1-5156, d?? 0-982. Values for the rotatory power of the 
homogeneous liquid are tabulated. Zeiss * reports [«]?? +17-45° for the (+-)-alcohol. 


TABLE 1. Optical rotatory power of (—)-2-phenylbutan-2-ol (i 0-5). 
A 


5893 5791 5461 4358 
Be ccuvesovecessesecscsoesesicess — 9-03° — 9-40° —10-8° —19-4° 
[ee] .ccccccccsocsacccescosssevess —18-4° —19-0° —22-0° —39-5° 


The alcohol was recovered with undiminished rotatory power after being heated under 
reflux for 3 hr. with 0-1N-sodium hydroxide. 

1-Methyl-1-phenylpropyl p-Tolyl Sulphone.—Both the (—)- and the (+)-alcohol with sodium 
toluene-p-sulphinate gave (+)-l-methyl-l-phenylpropyl p-tolyl sulphone, m. p. 63—64°, un- 
depressed on admixture with a specimen described previously.!! This sulphone has now been 
obtained also as a dimorphic modification, m. p. 80—82° (Found: C, 70-2; H, 6-85; S, 11-5. 
C,7H_9O.,S requires C, 70-8; H, 7:0; S, 11-1%). The two forms are interconvertible by 
recrystallisation from methanol, and on melting both resolidify to the material of m. p. 80°. 

Partial Resolution of 2-Methylhexan-3-ol.—A solution of brucine (53-6 g.) and 1-ethyl-1-methyl- 
butyl hydrogen phthalate (35-9 g.) in boiling ethyl acetate (300 c.c.) was seeded with a crystal 
of the brucine salt from a previous fractionation. The salt obtained, crop A, m. p. 154—155°, 
was recrystallised eleven times by the same procedure giving crop L (5-4 g.), m. p. 160—161°. 
This final fraction had the same rotatory power as the brucine salt from crop BI, [a]?! —7-8° 
(in EtOH), and gave a hydrogen phthalate of negligible rotatory power, [xj}? +0-03° (J 2; 
c 5-20 in EtOH). 

Various fractions of the hydrogen phthalate were hydrolysed with sodium ethoxide in ethanol 
giving 3-methylhexan-3-ol. Typical properties were (alcohol from crops A! and B! combined), 
b. p. 58—59°/25 mm., nm? 1-4224 (Found: C, 72-4; H, 13-6. Calc. for C,H,,O: C, 72-4; 
H, 13-99%). The rotatory powers of the alcohol are tabulated. 


TABLE 2. Rotatory powers of samples of 3-methylhexan-3-ol (1 0-5) recovered from 


successive crops of the brucine salt. 
ELFG HT, J, K?, L4, L 


Brucine salt, crop Al BI a combined combined 
FRB, GI 0ses vencccscescacatasess +0-10° +0-07° +0-02° —0-03° —0-19° 
PERRY cwevedeetcssnesscasesteneotses 18° 22° 18° 22° 23° 


Thanks are expressed to the Central Research Fund Committee of the University of London 
for Grants in respect of this and the following paper. 


CHEMISTRY DEPARTMENT, BATTERSEA POLYTECHNIC, : 
Lonpon, S.W.11. [Received, February 28th, 1957.) 


't Davies, Foster, and Nery, J., 1954, 2204. 
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615. The Resolution and Reactions of Tertiary Alcohols : 
2-1'-Naphthylbutan-2-ol. 


By A.twyn G. Davigs, J. KEnyon, and KUMAR THAKER. 


2-1’-Naphthylbutan-2-ol is very readily resolved through the brucine 
salt of its hydrogen phthalate. The reactivity of this alcohol, and of 2-1’- 
naphthylpentan-2-ol, by unimolecular alkyl-oxygen heterolysis has been 
investigated. 


FEw optically active tertiary alcohols are available for stereochemical studies, and the 
resolutions which have been described are often tedious.1_ We have therefore investigated 
the resolution of 2-1’-naphthylbutan-2-ol. 

This alcohol reacts with phthalic anhydride in the presence of triethylamine, giving a 
crystalline hydrogen phthalate. Three recrystallisations of its brucine salt from acetone 
give the optically pure (—)-hydrogen phthalate, [«], —52-6° (in EtOH); the mother 
liquors yield the (+-)-ester, [«], +51-6°. 

The optically pure hydrogen phthalates yielded the (—)- and the (+)-alcohol re- 
spectively, {«]p +7-6° (in EtOH), m. p. 29—30°. On mixture these give the (+)-alcohol, 
m. p. and mixed m. p. 51—52°, and the infrared absorption spectra of the (-+-)-, (—)-, and 
(+)-alcohol were identical; resolution is therefore not accompanied by structural change. 

Both the magnitude and the sign of the optical rotatory power of the alcohol and its 
hydrogen phthalate may vary as the solvent or the wavelength of light is changed; values 
are given in Tables 1 and 2. 





TABLE 1. Shecific rotatory power of 2-1'-naphthylbutan-2-ol (1 1). 


Solvent 6563 A 5893A 5463A 4861A c Temp. 
IE. caer tctarehiicniabekusenecten — §8-8° —11-3° —14-4° —19-8° 3-62 18° 
SEE sicccfsieshsivssdipbaetiaieipdithaiitael — 59 — 76 — 98 —12-6 4-6 16-5 
SU dincihicstbaamsbaepsondunctiided — 16 — 24 — 4-4 — 2-5 19 
SEY cciescsdiesiiaaiipiastenipabepicsiies 0-0 0-0 — — 1-39 18 * 
I dasleciinesiaslbdeg dbomniiicaiasialidie +16-4 +19-8 +21-4 — 2-79 18 


* The alcohol recovered from this solution was optically pure. 


TABLE 2. Specific rotatory power of 1-methyl-1-1'-naphthylpropyl hydrogen phthalate (/ 1). 


Solvent 6563A 5893A 5463A 4861A c Temp. 
pO ES eee — 421° — 521° — 71-4° — 88-4° 4-30 16-5° 
STII shssabeleinietiinibsneinnsnnneaa — 391 — 518 -— 611 — 82-4 4-72 18-5 
Gy sic nstsakhchadebenadeibnniziathe — 378 — 484 -—615 — 851 3-22 19 
CEI eiidinsiednstinstintgintelinseniciiaind —-140 - 164 — 197 — 281 2-13 19 
SIDS: citnsnisisitisnshitciimetpalidiaias + 18 + 06 — 10 — 8&0 4-80 19 

i ERAS al CSA BL +100 +134 162 +222 1-82 19 


This alcohol is resolved much more readily than 2-phenylbutan-2-ol?1 and 2 : 4-di- 
methylhexan-4-ol* which each need about fifteen crystallisations of the brucine salt 
before optical purity is attained; together with 3-methylpent-l-yn-3-ol‘ it affords the 
most readily available active tertiary alcohol of simple structure for stereochemical 
studies. 

2-1’-Naphthylpentan-2-ol similarly gives a crystalline hydrogen phthalate, but no 
crystalline brucine salt could be obtained. 

These two alcohols and their hydrogen phthalates undergo fairly readily the reactions 
which are characteristic of unimolecular alkyl-oxygen heterolysis.5 The hydrogen 


' References are given in the preceding paper. 
* Zeiss, J. Amer. Chem. Soc., 1951, 78, 2391. 
> Doering and Zeiss, ibid., 1948, 70, 3966; 1950, 72, 147. 
‘ Hickman and Kenyon, /., 1955, 2051. 
’ Davies and Kenyon, Quart. Rev., 1955, 9, 203. 
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phthalates in aqueous sodium hydroxide disproportionate to phthalic acid and the corre- 
sponding dialkyl phthalates, and the alcohols and hydrogen phthalates give sulphones with 
sodium toluene-p-sulphinate in formic acid solution. 


EXPERIMENTAL 


2-1’-Naphthylbutan-2-ol.—A solution of methyl 1-naphthyl ketone (17 g.) in dry ether was 
slowly added to a Grignard reagent prepared from ethyl bromide (11 g.) and magnesium (2:5 g.), 
and the product decomposed with ice and ammonium chloride. The resultant alcohol, b. p. 120— 
130°/0-2 mm., separated from ether-light petroleum in rhombs (12-8 g.), m. p. 51—52° alone 
or when mixed with a specimen prepared by the interaction of ethyl methyl ketone and 1- 
naphthylmagnesium bromide. The former method gives a better yield (Found: C, 83-4; 
H, 7-6. Calc. for C,,H,,0: C, 83-9; H, 8-0%). The alcohol readily forms a picrate, deep 
yellow prisms (from ethanol), m. p. 93—95° (Found: C, 55-7; H, 44; N, 9-6. Calc. for 
CyoH,,0,N,: C, 55-9; H, 4:5; N, 9-7%). Marco ® reports m. p. 52-5—53-5° for the alcohol 
and 93-5—95° for the picrate. 

The alcohol did not react with phenyl or l-naphthyl isocyanate, but when it (2 g.) in ether 
(10 c.c.) containing a trace of triethylamine was mixed with benzoyl tsocyanate (1-5 g.) reaction 
occurred at room temperature. The resulting 1l-methyl-1-1’-naphthylpropyl N-benzoylcarbamate 
separated from ethanol in needles (2-7 g.), m. p. 121—122° (decomp.) (Found: C, 75-7; H, 6-1; 
N, 4:0. C,,H,,0O,N requires C, 76-1; H, 6-1; N, 4-0%). 

(+)-1-Methyl-1-1’-naphthylpropyl Hydrogen Phthalate —A mixture of the (-+-)-alcohol (20 g.), 
phthalic anhydride (14-8 g.), and triethylamine (11-1 g.) was kept at 90—95° for 16 hr. The 
resultant viscous product was washed in ether with hydrochloric acid, and the ethereal solution, 
after drying and treatment with charcoal (1 g.), evaporated to dryness. The residual crystals, 
dissolved in warm acetone, yielded the hydrogen phthalate (18 g., 53%) in plates, m. p. 131° 
(decomp.). Varying the time of heating did not improve the yield. When the triethylamine 
was replaced by pyridine the yield fell to 16%. On the other hand when the potassio-derivative 
of the alcohol was heated at 75° for an hour with a benzene solution of phthalic anhydride the 
yield of ester was 60%. The ester had m. p. 130° alone or when mixed with that prepared by 
using triethylamine or pyridine (Found: C, 75-5; H, 5-6%; M, 347. C,,H29O, requires 
C, 75-9; H, 5-7%; M, 348). 

(—)-1-Methyl-1-1’-naphthylpropyl Hydrogen Phthalate——A solution of the (+)-hydrogen 
phthalate (50 g.) and brucine (57 g.) in hot acetone (500 c.c.), on being kept overnight, deposited 
the crystalline brucine salt (60 g.; crop A). This was crystallised 3 times from chloroform (120 
c.c.)—acetone (90 c.c.), giving crop D (18 g.). The (—)-hydrogen phthalates liberated from 
each of these four crops of brucine salt had respectively [a], —29°, —45°, —51°, and —52° 
(in EtOH). The last fraction separated from carbon disulphide in needles, m. p. 115° (decomp.), 
[aj —52-6° (1 2; c 4-670 in EtOH) (M, 347). 

(+-)-1-Methyl-1-1’-naphthylpropyl Hydrogen Phthalate—After removal of the brucine salt, crop 
A, the filtrate and washings were concentrated to about 80 c.c. and set aside. A further crop of 
brucine salt separated. This (8 g.) was removed and the filtrate decomposed with dilute acid. 
The liberated acid ester (16 g.) had m. p. 113—114° (decomp.) and [a], +48-2°, a value raised 
on three recrystallisations from carbon disulphide to [«]}* +51-6° (1 2; ¢c 3-97 in EtOH). 

Equal weights of (+)- and (—)-hydrogen phthalate were dissolved in acetone: after 
evaporation the crystalline (-+-)-hydrogen phthalate separated (m. p. and mixed m. p. 130°). 

(—)-2-1’-Naphthylbutan-2-ol_—(a) The (—)-hydrogen phthalate (6 g.) was added to ethanol 
(25 c.c.) in which sodium (1-2 g.) had been dissolved, and the mixture heated on the steam-bath 
for l hr. Dilution with water and extraction with ether yielded the (—)-alcohol, needles (see 
Table), m. p. 29—30° (Found: C, 84-3; H, 8-1. C,,H,,O requires C, 83-9; H, 8-0%). 

(b) The (—)-hydrogen phthalate (1 g.) in dry ether (20 c.c.) was allowed to react with lithium 
aluminium hydride (0-34 g.); the liberated alcohol (0-4 g.) had m. p. 29—30°, [a], —7-5°. 

(+)-2-1’-Naphthylbutan-2-ol.—By method (a) the (+)-alcohol, m. p. 29—30°, was obtained 
from the (+-)-hydrogen phthalate (see Table). 

Equal weights of the (+)- and the (-—)-alcohol regenerated the (--)-alcohol, rhombs, m. p. 
51—52°. 


* Marco, Uch. Zap. Molotov. Gosudarst. Univ., 1939, 3, 15; Khim. Referat. Zhur., 1941, 4, 50 (Chem. 
Abs., 1943, 37, 5716). 
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2-1’-Naphthylpentan-2-ol.—A solution of methyl n-propyl ketone (21-5 g.) in ether (50 c.c.) 
was slowly added to a cold stirred Grignard reagent prepared from 1-bromonaphthalene (52 g.) 
and magnesium (6-1 g.) After removal of the naphthalene in steam the main fraction (28 g.) 
was the required alcohol, b. p. 122—130°/0-5 mm., m. p. 63—64°, too soluble for convenient 
recrystallisation (Found: C, 83-7; H, 8-2. Calc. for C,,H,,O: C, 84-0; H, 84%). Its 
picrate separates from ethanol in yellow prisms, m. p. 146° (Found: C, 56-7; H, 4-4; N, 9-6. 
Calc. for C,,H,,0,N,: C, 56-9; H, 4-7; N, 9-5%). Marco * reports m. p. 64-5—65-5° for the 
alcohol and m. p. 147—149° for the picrate. 

1-Methyl-1-1’-naphthylbutyl Hydrogen Phthalate.-—The alcohol (10-75 g.), phthalic anhydride 
(7-4 g.), and triethylamine (5-5 g.) were heated on the steam-bath for 16 hr. After acidification 
the resultant hydrogen phthalate separated from light petroleum in plates (9-8 g.), m. p. 96° 

(decomp.) (Found : C, 76-2; H, 6-2%; M, 362. C,,;H,.O, requires C, 76-1; H, 6-1%; M, 362). 

1-Methyl-1-1’-naphthylpropyl p-Tolyl Sulphone.—(a) Fromthe alcohol. Asolution of (-+)-alcohol 
(0-93 g.) and sodium toluene-p-sulphinate (1 g.) in formic acid (99%; 20 c.c.), after being kept 
overnight, was diluted with ice-water. The precipitated sulphone separated from ethanol in 
needles, m. p. 131—132°. The (—)-alcohol similarly gave the (-+-)-sulphone, m. p. and mixed 
m. p. 131—132°. Yields were almost quantitative (Found: C, 74:1; H, 6-7; S, 9-5. 
C,,H,,0,S requires C, 74-5; H, 6-5; S, 9-5%). 

(b) From the hydrogen phthalate. (i) A solution of the (—)-hydrogen phthalate (1 g.) and 
sodium toluene-p-sulphinate (0-64 g.) in formic acid (20 c.c.) was diluted next morning with 
water. The precipitated sulphone separated from ethanol in needles, m. p. 131—132° alone 
or when mixed with the specimen from (a); it. was optically inactive. (ii) A solution of the 
hydrogen phthalate (0-5 g.) in 0-3N-sodium hydroxide (10 c.c.) was mixed with sodium toluene- 
p-sulphinate (0-32 g.), and the solution kept fora month. The precipitated sulphone (0-15 g.) 
separated from ethanol in needles, m. p. 131—132° alone or when mixed with a previous specimen. 

Di-1-methyl-1-1’-naphthylpropyl Phthalate.—A solution of the (-+-)-hydrogen phthalate (1 g.) in 
0-3n-sodium hydroxide (20 c.c.) after several hours began to deposit a semisolid precipitate. 
After a month the mixture was extracted with ether; dilution of the ethereal extract with 
light petroleum yielded a non-crystalline mass (0-2 g.) of the neutral ester. Acidification of the 
aqueous portion yielded phthalic acid (0-22 g.; calc., 0-25 g.). 

1-Methyl-1-1’-naphthylpropyl Hydroperoxide.—(a) The (+)-alcohol (1 g.) was added to 90% 
hydrogen peroxide (7 c.c.) containing sulphuric acid (1 drop). The mixture was stirred for 
3 hr., then diluted with water and extracted with ether, yielding the hydroperoxide as a pale 
yellow oil (0-84 g.). 

(b) A solution of the (-+-)-hydrogen phthalate (1 g.) in 90% hydrogen peroxide; (15 c.c.) 
containing sodium hydrogen carbonate (0-6 g.), after 4 days, was diluted with water and 
extracted with ether. Again the hydroperoxide isolated (0-33 g.) did not solidify. 

1-Methyl-1-1’-naphthylpropyl Triphenylmethyl Peroxide.—A solution of the oily hydroperoxide 
(0-21 g.) and triphenylmethanol (0-27 g.) in acetic acid (10 c.c.) containing sulphuric acid 
(1 drop) after 2 hr. was diluted with water. The precipitated peroxide separated, in almost 
quantitative yield, from aqueous ethanol in needles, m. p. 114° (Found: C, 86-4; H, 6-6. 
C33H 3,0, requires C, 86-3; H, 6-6%). 

By similar procedures the following derivatives of (+)-2-1’-naphthylpentan-2-ol were 
prepared : 

1-Methyl-1-1’-naphthylbutyl p-tolyl sulphone, prepared from both the alcohol and the hydrogen 
phthalate, separates from ethanol in needles, m. p. 136° (alone and mixed) (Found: C, 75-4; 
H, 6-3; S, 9-6. C,.H,,O.S requires C, 75-0; H, 6-8; S, 9-1%). 

Di-1-methyl-1-1’-naphthylbutyl phthalate was deposited from a solution of the +)-hydrogen 
phthalate (1 g.) in 0-3N-sodium hydroxide (20 c.c.) overnight; it separates from (ether in plates 
(0-4 g.), m. p. 68° (Found: C, 81-7; H, 6-5. C,,H,,0, requires C, 81-7; H, 6-8%). 
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616. The Resolution and Reactions of Tertiary Alcohols: Two Disub- 
stituted Glycollic Acids and the Corresponding Disubstituted Glycols. 


By Atwyn G. Davies, F. M. EBerp, and J. KENyon. 


As model experiments for the optical resolution of other tertiary alcohols, 
the behaviour of two disubstituted glycollic acids, and the corresponding 
glycols, has been investigated. Each of these compounds contains a second 
functional group through which resolution can readily be effected. A 
previous report of failure to resolve 4-methoxybenzilic acid probably 
resulted from failure to observe its very small rotatory power. 


At the time of other investigations of tertiary alcohols } it appeared that the resolution of 
tertiary alcohols might be especially difficult ;* for example, the resolution of 2 : 4-dimethyl- 
hexan-4-ol 5 and 2-phenylbutan-2-ol * * approached completion only after fifteen crystal- 
lisations of the brucine salt of the hydrogen phthalate. We therefore attempted to resolve 
tertiary alcohols through a second functional group in the molecule to ascertain whether 
any difficulties could be associated with the characteristic structure of tertiary alcohols. 

The disubstituted glycollic acids, and the corresponding glycols obtained on reduction, 
were chosen as affording the CO,H and CH,°OH groups respectively through which 
resolution might be effected. 

The reactions investigated are illustrated for 4-methoxybenzilic acid (I). Reduction 
of the acid or its ethyl ester gave the primary-tertiary glycol (II), which with phthalic 
anhydride in the presence of pyridine gave the acid ester (III) at the primary alcohol group. 

The benzilic acid (I) was readily resolved as its cinchonine and brucine salts, and the 
hydrogen phthalate (III) as its brucine salt. The active acids were reduced, and the active 
hydrogen phthalates were hydrolysed, giving the active glycols (+)- and (—)-II. The 
internal consistency of the rotatory powers in these cycles of operations, and the fact that 
both isomers of all three compounds have been obtained, place it beyond reasonable doubt 
that the three alcohols (I), (II), and (III) have been obtained optically pure. 
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RCO,H << R-CO,H >  R-CO.H 
(+)-1 ()-1 (-)-1 
| fun | 
R-CH,-OH R-CH,-OH R-CH,-OH 
(—)-II (+)-I (+)-II 
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8B 
R-CH,-O-CO-C,H,CO,H ~q— R-CH,-O-CO-C,H,CO,H —®  R-CH,-0-CO-C,H,CO,H 
(—)-III (+)-1II (+)-III 


(R = p-MeO-C,H,-CPh(OH)-. B= brucine. C = cinchonine.) 


Christie, McKenzie, and Ritchie ? reported their failure to resolve 4-methoxybenzilic 
acid (I), although crystalline alkaloidal salts were obtained, thus supporting the contention 
that the resolution of tertiary alcohols was difficult. The present work shows that in all 
probability their resolution was successful and that they did not realise this because the 


1 Hickman and Kenyon, /J., 1955, 2051. 

? Davies, Kenyon, and Thaker, J., 1956, 3394. 
* Davies, Kenyon, and Salamé, J., 1957, 3148. 

* Davies, Kenyon, and Thaker, preceding paper. 
5 Doering and Zeiss, ]. Amer. Chem. Soc., 1948, 70, 3966; 1950, 72, 147. 
® Zeiss, ibid., 1951, 73, 2391. 

* Christie, McKenzie, and Ritchie, J., 1935, 153. 
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optically pure acid in most solvents has intrinsically a very low rotatory power. The 
highest value of [«], which we obtained was 1-2°, in dioxan. 

Because the resolution of the above compounds was straightforward, a similar study 
was made of benzylmethylglycollic acid and the corresponding glycol, 2-methyl-3-phenyl- 
propane-l : 2-diol. Again this acid was resolved without difficulty as its brucine salt, and 
the glycol through the strychnine salt of its hydrogen 3-nitrophthalate. Hydrolysis of the 
ester and reduction of the glycollic acid gave specimens of the glycol of identical rotatory 
power, indicating that both resolutions were complete. 

The optical resolution of the tertiary alcohols described in this paper therefore proceeds 
as readily as that of many secondary alcohols. Concurrently, other workers in these 
laboratories found that 3-methylpent-l-yn-3-ol,! 1-phenyl-1-2’-pyridylethanol,? 1-phenyl- 
1-2’-pyridylpropanol,? and 2-1’-naphthylbutan-2-ol * were also readily resolved. 

Thus whereas the resolution of some tertiary alcohols is tedious,*»**® and some 
of the compounds involved have very low rotatory powers,*® these drawbacks are also 
encountered in the series of secondary alcohols; no special difficulties appear to be 
associated with the characteristic structure of tertiary alcohols. 


EXPERIMENTAL 


4-Methoxybenzilic Acid.—The action of potassium bromate on 4-methoxybenzoin gave 
4-methoxybenzilic acid (I), m. p. 148—149°,-in 92-5% yield. Its ethyl ester (Fischer—Speier) 
has b. p. 170—172°/0-5 mm. (Found: C, 71-1; H, 6-2. C,,H,,O, requires C, 71-3; H, 6-3%). 

1-p-Methoxyphenyl-1-phenylethane-1 : 2-diol—Reduction of the above ethyl ester (30 g.) 
in ether (100 c.c.) with lithium aluminium hydride (2-5 g.) gave the corresponding glycol (II) 
(23-5 g., 91-7%) as needles (from light petroleum), m. p. 101—102°. Reduction of the acid in 
a like manner gave 2 75% yield of the glycol (Found: C, 73-7; H, 6-6. C,;H,,O, requires 
C, 73-7; H, 6-6%). 

The alcohol (50 g.), phthalic anhydride (35 g.), and pyridine (100 g.) were kept at 60—65° 
for 3 hr., mixed with an equal volume of acetone, acidified with dilute hydrochloric acid, and 
poured on crushed ice. When the precipitated paste was triturated with ice-cold very dilute 
acid it rapidly solidified. Crystallisation from benzene yielded the hydrogen phthalate (III) 
(74 g.), m. p. 141—142° (Found: C, 70-3; H, 5-2%; M, 392. C,,;H,9O, requires C, 70-4; 
H, 5-1%; M, 392). 

(+)-4-Methoxybenzilic Acid.—A solution of the (+)-acid (79 g.) and cinchonine (90 g.) in 
hot acetone (300 c.c.) after 2 hr. had deposited the cinchonine salt (100 g.) in compact cubes, 
m. p. 105—106°. The acid liberated from this salt showed no optical rotation in 5% solution 
in dioxan, ethanol, or pyridine, but the amount of salt which separated, and its great decrease 
in solubility in acetone, indicated that resolution was taking place. Accordingly the salt was 
recrystallised eight times from ethanol; it was then optically pure: cubes, m. p. 93—95°, 
unchanged by further recrystallisation. By decomposition with dilute hydrochloric acid it 
yielded (+-)-4-methoxybenzilic acid (16 g.; m. p. 147-5—149°) which separated from benzene 
as needles, m. p. 148—149°, [a]}? + 1-2°, [a]}f., +1-7° (12; c5-76indioxan). These low rotatory 
powers were not raised when dioxan was replaced by ethanol or pyridine. 

(—)-4-Methoxybenzilic Acid.—The cinchonine salt from the first mother-liquor yielded 
4-methoxybenzilic acid (33 g.), m. p. 147—148°, [a],4,, +0-02° (in dioxan). A solution of this 
acid (1-8 g.) and brucine (2-75 g.) in acetone (6 c.c.) rapidly deposited the brucine salt, needles 
(3-4 g.), m. p. 195—198°. Decomposition of this salt with hydrochloric acid—acetone yielded 
(—)-4-methoxybenzilic acid (1-2 g.) which by recrystallisation from benzene was obtained 
optically pure, as the less soluble fraction, m. p. 147—148°, [a]i® —1-2°, [a]}%,., —1-35° (/ 2; 
c 2-52 in dioxan). 

An intimate mixture of equivalents of the (+)- and the (—)-form had m. p. 147-5—149°. 

Reduction of (+)- and (—)-Methoxybenzilic Acid.—The (+-)-acid (10 g.) in ethereal solution 
was reduced with lithium aluminium hydride (3-3 g.). The resulting (—)-glycol separated 
from ether—light petroleum as needles (7 g.), m. p. 101—102°, [a]}® —19-4°, [a]sqg, —23-5° 
(12; ¢ 4-255 in pyridine), [«]), —12-3° (1.1; c 3-910 in dioxan), [a]}® —8-0° (11; 3-76 in CHCI,). 


8 This paper. 








3156 Davies et al.: Resolution and Reactions of Tertiary Alcohols: 


The corresponding optically impure (—)-acid, [a] +0-02° (20 g.), obtained from the more 
soluble fractions of the brucine salt, was similarly reduced. The resulting (+-)-glycol (13-65 g.), 
after three recrystallisations from ether—light petroleum, had m. p. 101—102°, [a], -+-18-7° 
(in pyridine). 

(+-)-2-Hydroxy-2-p-methoxyphenylphenethyl Hydrogen Phthalate (111). —Anhydrous brucine 
(80 g.) was dissolved in a warm solution of the (-+)-hydrogen phthalate (80 g.) in acetone (160 
c.c.); next day the crystalline brucine salt (88 g.) was removed and washed with acetone (30 
c.c.). After two further crystallisations from acetone (100 c.c.; 120 c.c.) the brucine salt (50 g.) 
was optically pure, needles, m. p. 74—75°. On decomposition with dilute hydrochloric acid— 
acetone it yielded the (+)-hydrogen phthalate (24-5 g.), m. p. 135—136°, [a]}® +6-30° (in 
pyridine), which separated from benzene in needles, m. p. 136—137°, [a]? +6-31°, [a]ife 
+8-30° (1 2; c 5-145 in pyridine), [a}}? —2-83°, [a] g4¢, —3-10° (1 2; ¢ 5-305 in AcOH). 

( —)-2-Hydroxy-2-p-methoxyphenylphenethyl Hydrogen Phthalate [(—)-III].—The mother- 
liquor (100 c.c.) from which the less soluble brucine salt had been removed was acidified with 
dilute hydrochloric acid and then diluted with ice-water until precipitation was complete. 
This hydrogen phthalate (36 g.) had m. p. 124—126° and [a], —5-6° (in pyridine). It was 
dissolved in hot benzene (500 c.c.) and the solution allowed to cool. The less soluble racemic 
hydrogen phthalate separated (6-5 g.), m. p. 138—140°. The second crop (30 g.) consisted of 
optically pure (—)-hydrogen phthalate, needles, m. p. 136—137°, [a]? —6-29°, [a]54¢, —8-27° 
(1 2; ¢ 4-530 in pyridine). 

An intimate mixture of equivalents of the (+)- and the (—)-hydrogen phthalate had m. p. 
141—142°. 

(+)- and (—)-1-p-Methoxyphenyl-1-phenylethane-1 : 2-diol_—A solution of the (+-)-hydrogen 
phthalate (4 g.) in 3N-sodium hydroxide (8 c.c.), after 15 min. on the steam-bath, liberated an 
oil which set to a crystalline mass (2-22 g.), m. p. 100—102°. This, by recrystallisation from 
ether-—light petroleum, yielded the (+-)-glycol as needles (2-1 g.), m. p. 101—102° unchanged 
by further recrystallisation, [«]}? + 20-3°, [a]ii,, +24-9° (J 2; c 4-315 in pyridine). 

Similarly the (—)-hydrogen phthalate yielded the (—)-glycol, m. p. 101—102°, [«]}? —20-2°, 
[a}tie, —24-6° (3 2; c 2-615 in pyridine). 

An intimate mixture of equivalents of the (+-)- and the (—)-glycol had m. p. 101—102°. 

Benzyl Methyl Ketone Cyanohydrin.—40% Sulphuric acid (325 g.) was added dropwise to a 
cooled and stirred solution of potassium cyanide (130 g.) in water (300 c.c.) and benzyl methyl 
ketone (260 g.) in methanol (750 c.c.). Next day the liquid was decanted from the potassium 
sulphate into cold water (1.1.) and the cyanohydrin separated as an oil. It was extracted with 
ether, dried, and distilled (b. p. 108—110°/0-05 mm. ; 220 g.) (Found: C, 74-5; H, 6-9; N, 8-6. 
C,9H,,ON requires C, 74-5; H, 6-8; N, 8-7%). 

a-Hydroxy-a-methyl-8-phenylpropionic Acid.—A stirred mixture of the cyanohydrin (210 g.) 
and hydrochloric acid (500 c.c.) was heated under reflux for 6 hr. After recrystallisation from 
benzene the glycollic acid was cbtained as prismatic needles (145 g.), m. p. 97—-99°. Gabriel 
and Michael ® report m. p. 97—99°. 

2-Methyl-3-phenylpropane-1 : 2-diol_—A solution of the glycollic acid (100 g.) in ether (1 1.) 
was added, as rapidly as the reaction allowed, to a solution of lithium aluminium hydride (25 g.) 
in ether (11.). The resultant alcohol separated from ether—cyclohexane in needles (66 g.), m. p. 
55—56°, unchanged by further crystallisation. It is soluble in water and in most organic 
solvents except cyclohexane (Found: C, 72-9; H, 8-6. C, 9H,,O, requires C, 72-3; H, 8-5%). 

The hydrogen phthalate was an oil from which no crystalline alkaloidal salts could be 
obtained. The resolution was therefore carried out through the hydrogen 3-nitrophthalate 
as follows. 

The alcohol (40 g.), 3-nitrophthalic anhydride (50 g.), and pyridine (65 g.) were kept at 50° 
for 0-5 hr., dissolved in acetone, and decomposed with dilute acid. The precipitated hydrogen 
3-nitrophthalate was washed and crystallised twice from acetic acid (200 c.c.)—water (50 c.c.) 
mixture, separating as needles (70 g.), m. p. 171—173°, unchanged by further crystallisation 
(Found : C, 60-5; H, 4-7; N, 40%; M, 359. C,,H,,O,N requires C, 60-2; H, 4:7; N, 39%; 
M, 359). 

(+)-and ( —)-a-Hydroxy-a-methyl-8-phenylpropionic Acid.—Brucine (132 g.) was dissolved in a 
warm solution of the (--)-acid (60 g.) in acetone (270c.c.); nextday thecrystalline salt (101 g.) was 
separated and washed with cold acetone. Because of its low solubility it was heated with acetone 


* Gabriel and Michael, Ber., 1879, 12, 814. 
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(200 c.c.) under reflux for15 min. After two repetitions of this extraction the m. p. and rotatory 
power of the brucine salt (cubic crystals, 86 g.) became constant at m. p. 186—188° and [a]}* 
—7-6° (11; ¢6-090in CHCl,). The salt was decomposed by cold 3n-hydrochloric acid (350 c.c.) 
and ether (500 c.c.). The washed and dried ethereal extract yielded a crystalline residue (m. p. 
116—118°) which after two recrystallisations from benzene (80 c.c.) formed needles, (24-2 g.), 
m. p. 118—119-5°, [«],, +17-0°, [a] 546, +20-1° (7 2; ¢ 5-595 in dioxan). 

The acetone filtrate (220 c.c.) from the first crop of brucine salt described above, was allowed 
to evaporate at room temperature for several days. The cubic crystals (m. p. 130—131°; 
90 g.) which had separated were recrystallised twice from acetone (130 c.c.; 100 c.c.) with 
decantation each time from the insoluble compact brucine salt of the (+-)-acid, of m. p. 185 
186°, yielding the brucine salt of the (—)-acid as cubes, m. p. 134° (57 g.). 

This second salt, on decomposition as described above, yielded a crystalline acid, m. p. 
115—117°, which in two recrystallisations from benzene (60 c.c.) gave optically pure (—)-acid 
(12-6 g.), needles, m. p. 118—119-5°, [a], —16-9°, [a]544, —20-0° (J 2; c 4-645 in dioxan). 

An intimate mixture of equivalents of the (+)- and the (—)-acid had m. p. 97—99°. 

Reduction of the (+-)-Acid.—The (+)-acid (24 g.) was reduced with lithium aluminium 
hydride (10 g.) as described for the (+)-acid. The alcohol was fractionally crystallised from 
ether—cyclohexane but all fractions formed prismatic rods and had rotatory powers approxinating 
to [a]p +23-9°, [a] 5299 +25°7°, [a] sag, +28-9° (2 2; c 2-430 in H,O) (Found: C, 72-4; H, 8-2. 
C, 9H,,O, requires C, 72-3; H, 8-5%). 

An intimate mixture of equivalents of this (+)-alcohol and the (—)-alcohol, obtained by 
hydrolysis of its (—)-hydrogen nitrophthalate, had m. p. 55—56°. 

(+)- and (—)-2-Hydroxy-2-methyl-3-phenylpropyl Hydrogen 3-Nitrophthalate—A mixture 
of the (+)-acid ester (72 g.) and strychnine (68 g.) was dissolved in warm acetone (200 c.c.). 
The strychnine salt began to separate within an hour and was filtered off next day (73 g.; m. p. 
194—-196°). After recrystallisation from methanol it was dissolved in chloroform and 
decomposed by dilute ammonia. The_resultant (+-)-acid ester, m. p. 202—204°, separated 
from glacial acetic acid in needles, m. p. 203—204°, [a]}? +-12-5°, [a] sq, +15-0° (J 2; ¢ 5-830 
in pyridine). 

The acetone filtrate from the original strychnine salt was decomposed with ammonia, 
yielding strychnine (31 g.) and the (—)-acid ester (32 g.). The latter separated after three 
crystallisations from glacial acetic acid in needles, m. p. 203—204°, [a], —12-5, [a]54., —14-7° 
(1 2; c 6-125 in pyridine), [a], —4-1°, [a]54g, —4-7° (1 2; c 5-945 in dioxan). 

A solution of equal weights of the (+)- and the (—)-acid ester in dioxan was allowed. to 
evaporate to dryness. The crystalline residue had m. p. 171—173°, identical with that of the 
original (-+)-ester. 

(+)-and (—)-2-Methyl-3-phenylpropane-1 : 2-diol.—A solution of the hydrogen 3-nitrophthaJate 
(3 g.; [a]? —12-48° in pyridine) in 10% aqueous sodium hydroxide (10 c.c.) was heated on the 
steam-bath for 0-5 hr., cooled, and extracted with ether. The dried and concentrated extract, 
after dilution with cyclohexane, deposited the (—)-alcohol (0-9 g.) as rods, m. p. 67—68°, [a],, 
— 23-3°, [a] 5799 —26-2°, [a] 54g, —28-7° (2 2; c 3-053 in H,O). 

The (+)-alcohol was obtained similarly from the corresponding (-+-)-ester, as prismatic 
rods, m. p. 67—68°, [a], + 23-8°, [«]5799 +27°8°, [a] sag, +29-4° (22; c3-140in H,O). A mixture 
of equal weights of the (+-)- and the (—)-alcohol had m. p. 55—57°. 


CHEMISTRY DEPARTMENT, BATTERSEA POLYTECHNIC, 
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617. Alkyl—Oxygen Fission in Carboxylic Esters. Part XV.* 2:4- 
Dimethoxydiphenylmethanol, 1-(2:4-Dimethoxyphenyl)ethanol, and 
1: 2:2: 2-Tetra-p-methoxyphenylethanol. 
By Atwyn G. Davigs, E. E. Epwin, J. Kenyon, and A. WALSH. 


The effect of the methoxy-groups on the reactivity of the alcohols 
named in the title has been examined. 


In earlier papers of this series it was shown that conjugative electron-release by one or 
three ortho- and/or para-methoxy] substituents in phenylmethanols gives these compounds 
a high reactivity by unimolecular alkyl-oxygen heterolysis.1 We now report a study of 
the reactivity of 2: 4-dimethoxydiphenylmethanol, 1-(2 : 4-dimethoxyphenyl)ethanol, 
and 1: 2: 2: 2-tetra-p-methoxyphenylethanol. 

2 : 4-Dimethoxydiphenylmethanol was obtained as crystals, m. p. 49°, by hydrogenation 
of 2 : 4-dimethoxybenzophenone over Raney nickel, and by reaction of phenylmagnesium 
bromide with 2 : 4-dimethoxybenzaldehyde. Pope and Howard ? claimed to have obtained 
this alcohol as a buff amorphous powder, decomposing above 130°, by the action of methyl 
iodide and alkali on the compound obtained by condensing resorcinol and benzaldehyde 
in the presence of alkali. Fabre * suggested that Pope and Howard’s intermediate con- 
densation product was a derivative of tetraphenylethylene. It appears, however, that 
this compound was 2 : 4-dihydroxydiphenylmethanol as they assumed but that this does 
not undergo straightforward methylation of the phenolic groups. Perhaps partial methyl- 
ation of the aromatic ring takes place, as it is known to do in some polyhydroxyphenols. 

1-(2 : 4-Dimethoxypheny]l)ethanol similarly was obtained by hydrogenation of 2 : 4-di- 
methoxyacetophenone, and by reaction of methylmagnesium iodide with 2 : 4-dimethoxy- 
benzaldehyde. 

Attempts were made to prepare the hydrogen phthalic and hydrogen succinic esters of 
these alcohols as a preliminary to their optical resolution. However, only neutral oils 
could be isolated, which were probably the dialkyl phthalates. 

These two alcohols and their acetates undergo reactions which are characteristic of 
unimolecular alkyl-oxygen heterolysis with a facility between those of the corresponding 
2- or 4-monomethoxy- and the 2: 4: 6-trimethoxy-compounds.! In analogy with the 
reaction of 2 : 4 : 6-trimethoxydiphenylmethanol,‘ 2 : 4-dimethoxydiphenylmethanol under 
acid conditions dismutates into 2 : 4: 2’ : 4’-tetramethoxytriphenylmethane and benzalde- 
hyde. This reaction probably proceeds by electrophilic substitution by the carbonium 
ion at the l-position of un-ionised 2 : 4-dimethoxydiphenylmethanol.* 

1 : 2: 2: 2-Tetraphenylethanol is fairly readily converted into its hydrogen phthalate.5 
In contrast, despite numerous attempts, it has not been possible to effect the combination 


presence of pyridine or triethylamine at temperatures up to 100°. From all experiments 
the alcohol was quantitatively recovered. Similar attempts with succinic anhydride were 
equally fruitless; no resolution of the alcohol through an acid ester could therefore be 
effected. 

The decreased reactivity by the B,.2 mechanism on the introduction of a #-methoxy- 
group has been observed previously,® and derives from the inductive relay to the hydroxyl 
group of the increased electron density in the aromatic ring.’ 


* Part XIV, J., 1954, 3474. 
1 References are given by Davies and Kenyon, Quart. Rev., 1955, 9, 203, and by Dabby, Davies, 
Kenyon, and Lyons, /., 1955, 3619. 
* Pope and Howard, J., 1910, 97, 78. 
Fabre, Ann. Chim. (France), 1922, 18, 82. 
Kenyon and Mason, J., 1952, 4964. 
Ellison and Kenyon, J., 1954, 779. 
Balfe, Kenyon, and Thain, /., 1951, 386. 
7 Davies and Kenyon, Quart. Rev., 1955, 9, 203. 
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In marked contrast, acetic anhydride in pyridine solution converts the alcohol 
quantitatively into its acetate; acetic acid at room temperature is without action. This 
non-reaction with cyclic acid anhydrides but ready reaction with acyclic anhydrides has 
already been observed with di-p-methoxyphenylmethanol ® and with 2 : 4 : 6-trimethoxy- 
diphenylmethanol.* 

A method which is used for the preparation of hydrogen phthalates of alcohols of low 
reactivity under the above conditions, or of high tendency to dehydration, consists in 
converting the alcohols into their potassio-derivatives which are then added to phthalic 
anhydride. In the present case this method also was unsuccessful since the potassio- 
derivative instead of reacting with the acid anhydride underwent scission, after addition 
of water, to tri-b-methoxyphenylmethane and f-anisaldehyde. The same products were 
obtained when the alcohol or its acetate was treated with alcoholic potassium hydroxide 
(cf. 1 : 2: 2: 2-tetraphenylethanol *), and probably result from the formation of the alkoxy- 
anion (I) which decomposes according to equation (1). This reaction is the reverse of 
the carbonyl addition reaction of metal triarylmethyls to aldehydes by which, for example, 
1 : 2: 2: 2-tetraphenylethanol has been prepared.® 

By an analogous reaction, p-methoxypheny]l tri-p-methoxyphenylmethyl ketone with 
alcoholic potassium hydroxide gives, less readily, tetra-p-methoxyphenylmethane and 
p-anisic acid via the anion Ar,C-CAr(OH):0O-. 


Ric LCHR —> R,C + CHR — > RCH + CHR .........:. (1) 
+ iT 
Ba oOo re) re) 
(1) 
R3;C-CHR ‘ 
| + 
OH ‘a [Meme] —> R,C-CHR, —> R{C=CR, on... (2) 
~ 


(R = p-methoxyphenyl) 


1 : 2: 2: 2-Tetra-f-methoxyphenylethanol is not appreciably more reactive by alkyl- 
oxygen heterolysis than the corresponding unsubstituted alcohol. It still does not 
react with boiling methyl, ethyl, or ¢ert.-butyl alcohol over long periods, and does not give 
a sulphone with sodium toluene-f-sulphinate in aqueous acetone. Under acid conditions 
alkyl-oxygen heterolysis does occur, but is always accompanied by migration of an aryl- 


group and, as in the case of the unsubstituted alcohol, only the tetra-arylethylene (equation 
2) is isolated. 


EXPERIMENTAL 


2 : 4-Dimethoxybenzophenone.—The Friedel-Crafts reaction between benzoyl chloride and 
1 : 3-dimethoxybenzene in carbon disulphide solution in the presence of aluminium chloride or 
titanium tetrachloride gave 2: 4-dimethoxybenzophenone as prisms (from aqueous alcohol), 
m. p. 82° (yield: AICI, catalyst, 80%; TiCl, catalyst 86%). Pfeiffer and Loewe,!* and Kénig 
and Kostanecki,!! report m. p. 82° and 87—88°, respectively. 

2 : 4-Dimethoxydiphenylmethanol.—The above ketone (20 g.) in absolute ethanol (200 c.c.) 
containing Raney nickel (ca. 0-5 g.) was shaken in an atmosphere of hydrogen until absorption 
of gas was complete (12 hr.; 1990 c.c. at 20°. Calc., 1985 c.c.). 2: 4-Dimethoxydiphenyl- 
methanol was isolated as fine thread-like crystals (from light petroleum) (20 g.), m. p. 49° (Found : 
C, 73-4; H, 6-4. C,;H,,0O, requires C, 73-7; H, 6-5%). The ketone was recovered after 
treatment with zinc dust and sodium hydroxide in ethanol for 6-5 hr. on the steam-bath. 


8 Balfe, Kenyon, and Thain, J., 1952, 790. 

® Schlenk and Ochs, Ber., 1916, 49, 608. 

10 Pfeiffer and Loewe, J. prakt. Chem., 1937, 147, 293. 
11 K6nig and Kostanecki, Ber., 1906, 39, 4027. 
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From the Grignard reaction between 2 : 4-dimethoxybenzaldehyde ** (27 g.) and phenyl- 
magnesium bromide (bromobenzene, 27 g.; magnesium, 4-5 g.), 2: 4-dimethoxydiphenyl- 
methanol (5 g.), m. p. 49°, was isolated and much of the aldehyde (20 g.), m. p. 71°, was 
recovered. 

Pope and Howard’s Reactions.—The reaction between resorcinol and benzaldehyde under 
Pope and Howard's conditions * gave a brown amorphous solid which darkened in air. It was 
readily soluble in aqueous sodium hydroxide and was reprecipitated on acidification ; it darkened 
at 180° and softened and decomposed at about 200°. Attempts to methylate this supposed 
2: 4-dihydroxydiphenylmethanol with methyl iodide or methyl sulphate in the presence of 
potassium hydroxide gave a brown amorphous product which was insoluble in alkali, and 
darkened and decomposed above 180°. Pope and Howard report decomposition above 130°. 

2: 4-Dimethoxydiphenylmethyl Acetate-—2: 4-Dimethoxydiphenylmethanol (1 g.), acetic 
anhydride (1 c.c.), and pyridine (2 c.c.) after 1 hr. at 100° yielded the acetate, m. p. 72—73° 
(from light petroleum) (Found: C, 71-1; H, 6-3. C,,H,,O, requires C, 71-3; H, 6-3%). The 
acetate, m. p. and mixed m. p. 73°, was also obtained in good yield when water was added to a 
solution of the alcohol (0-2 g.) in acetic acid (2 c.c.), which had been stored overnight. 

Bis-2 : 4-dimethoxydiphenylmethyl Ether.—2 : 4-Dimethoxydiphenylmethanol was recovered 
after 6 hr. at 55°, or 1 hr. at 110°, but after 10 min. at 210° the alcohol (0-2 g.) yielded the 
ether (recrystallised from butanol once, and from aqueous acetone twice) (0-1 g.), m. p. 190° 
(Found: C, 76-3; H, 6-5. C3 9H 3,0; requires C, 76-1; H, 6-4%). 

2: 4-Dimethoxydiphenylmethyl p-Tolyl Sulphone.—After 2 hr. at room temperature a solution 
of the alcohol (0-24 g.) and sodium toluene-p-sulphinate (0-19 g.) in acetic acid (1 c.c.) was 
diluted with water, yielding the su/phone, prisms (from methanol) (0-3 g.), m. p. 137° (Found : 
C, 68-9; H, 5-8; S, 8-4. C,.H,.O,S requires C, 69-1; H, 5-8; S, 8-4%). A similar reaction 
mixture prepared from the acetate, next day yielded the same sulphone, m. p. and mixed 
m. p. 137°. 

Alkylation of 1 : 3-Dimethoxybenzene.—A solution of the alcohol (0-1 g.) and 1 : 3-dimethoxy- 
benzene (0-1 g.) in ethanol (2 c.c.) containing 5N-sulphuric acid (1 drop) was boiled for 5 min. 
After 1 hr. at room temperature, 2: 4: 2’: 4’-tetramethoxytriphenylmethane was isolated as 
needles (recrystallised from ethanol) (0-1 g.), m. p. 124°. It was identified by its mixed m. p. 
(124°) with the product (m. p. 124°) which was isolated after 3 weeks from a solution of benz- 
aldehyde (1-06 g.) and 1: 3-dimethoxybenzene (2-76 g.) in ethanol (20 c.c.) containing 5n- 
sulphuric acid (2 drops). Kauffman and Kieser '* report m. p. 122°; as they describe, it gives 
a bright orange solution in concentrated sulphuric acid. 

Dismutation of the Alcohol under Acid Conditions.—A solution of 2 : 4-dimethoxydipheny]l- 
methanol (0-5 g.) in ethanol (20 c.c.) containing 5N-sulphuric acid (2 drops) after 3 weeks was 
diluted with water, 2: 4: 2’: 4’-tetramethoxytriphenylmethane, m. p. and mixed m. p. 124°, 
being precipitated. The mother-liquors yielded benzaldehyde 2 : 4-dinitrophenylhydrazone, 
m. p. and mixed m. p. 237°. 

1-(2 : 4-Dimethoxyphenyl)ethanol_—The Grignard reaction between 2: 4-dimethoxybenz- 
aldehyde (23 g.) and methylmagnesium iodide (methyl iodide, 11 g.; magnesium, 4 g.) was 
carried out below 5°. 1-(2: 4-Dimethoxyphenyl)ethanol (23 g., 90%) was isolated as needles, 
m. p. 44°; the m. p. was not raised when the product was recrystallised from ether-light 
petroleum [Found: C, 66-1; H, 7-6%; M (Rast), 183. C, 9H,,0, requires C, 65-9; H, 7-7%; 
M, 182]. The same compound, m. p. and mixed m. p. 44°, was obtained in almost quantitative 
yield by the hydrogenation of 2: 4-dimethoxyacetophenone in ethanol over Raney nickel. 
The ketone was recovered after its attempted reduction with aluminium isopropoxide or sodium 
and moist ether; reaction with sodium and alcohol, or zinc and sodium hydroxide, or 
aluminium amalgam and water, gave a resin. 

This alcohol (2 g.), pyridine (5 c.c.), and acetic anhydride (5 c.c.), after storage overnight, 
were poured into iced water, yielding the acetate, b. p. 127°/2 mm. 

Bis-1-(2 : 4-dimethoxyphenyl)ethyl Ether —During one year the alcohol gradually liquefied, 
and then resolidified. Washing with light petroleum left needles (60%), m. p. 101—102°, which 
gave the ether, m. p. 110—111° after recrystallisation from ethanol (Found: C, 69-9; H, 7-6. 
Cy9H,,O, requires C, 69-3; H, 7-5%). From the petroleum extract a liquid, b. p. 110°/1 mm., 
was recovered (5%) which decolorised bromine in chloroform, and was oxidised by alkaline 


12 Dimroth and Zoeppritz, Ber., 1902, 35, 993. 
18 Kauffman and Kieser, Ber., 1912, 45, 2333. 
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potassium permanganate to 2 : 4-dimethoxybenzoic acid, m. p. 109 (Robinson and Venkatara- 
man report m. p. 109°). The liquid was therefore 2 : 4-dimethoxystyrene. 

1-(2 : 4-Dimethoxyphenyl)ethyl p-Tolyl Sulphone.—A solution of the alcohol (0-45 g.) and 
sodium toluene-p-sulphinate (0-45 g.) in acetic acid (4 c.c.) was diluted next day with water, 
yielding the sulphone (recrystallised from methanol; 0-6 g.) as prisms, m. p. 135° (Found: 
S, 9-6. C,,H,,O0,S requires S, 10-0%). By a similar procedure the acetate (0-22 g.) gave the 
same sulphone (0-20 g.), m. p. 135°. 

Attempted Preparation of Acid Esters of 2: 4-Dimethoxydiphenylmethanol and 1-(2: 4-Di- 
methoxyphenyl)ethanol.—The alcohols were separately mixed with phthalic anhydride (1 mol.) 
and a slight excess of pyridine, diluted with benzene or dioxan, and heated at 40°, 50°, 60°, or 
70° for 10 min. to 6 hr. The products were decomposed with ice and dilute hydrochloric acid, 
and were neutral oils. Similar results were obtained when succinic anhydride or 3-nitrophthalic 
anhydride were substituted for phthalic anhydride, and when a benzene solution of phthalic 
anhydride and the potassium salt of the alcohols was heated under reflux for 1—3 hr. 

1: 2:2: 2-Tetra-p-methoxyphenylethanol.—The alcohol was prepared by two procedures : 
(a) By Bachman’s method *5 modified in two respects. Instead of adding solid p-methoxy- 
phenyl tri-p-methoxyphenyl ketone to ethylmagnesium bromide it was added as a solution— 
suspension in benzene, and heating of the resultant reaction mixture was omitted. This 
resulted in the yield of alcohol being increased from 60% to 88%. (b) By the interaction of 
tri-p-methoxyphenylacetaldehyde and p-methoxyphenylmagnesium bromide. Each procedure 
gave a very good yield of the required alcohol, prisms, m. p. and mixed m. p. 144—146°. The 
ketone was recovered quantitatively when attempts were made to reduce it with zinc dust and 
alkali or with aluminium isopropoxide. : 

The alcohol was oxidised with chromic oxide in acetic acid to regenerate the ketone (67%), 
and by potassium permanganate in acetic acid to give 4: 4’-dimethoxybenzophenone. Oxid- 
ation with acetone and aluminium #ert.-butoxide gave, surprisingly, tri-p-methoxyphenyl- 
ethylene glycol (63%), m. p. and mixed m. p. 175—176°. 

1:2: 2: 2-Tetva-p-methoxyphenylethyl Acetate—A solution of the alcohol (0-47 g.) in 
pyridine (2 g.) and acetic anhydride (0-54 g.), heated at 90° for several hr., yielded the acetate 
(0-4 g.), prisms (from aqueous acetone), m. p. 144—-145° (mixed with the original alcohol the 
m. p. was depressed by some 20°) (Found : C, 74-7; H, 6-3. C,,H;,0, requires C, 75-0; H, 6-3%) 

Scission of the Alkoxy-anion.—(a) From the acetate. A solution of the acetate (1 g.) in ethanol 
(30 c.c.) containing N-potassium hydroxide (2 c.c.) was gently heated for 15 min. Next day 
crystals separated, and a further crop (total 0-57 g., 88%) on dilution: each had m. p. 51—52° 
either alone or mixed with tri-p-methoxyphenylmethane.1* From the acidified filtrate the 
2 : 4-dinitrophenylhydrazone of p-anisaldehyde was prepared, m. p. and mixed m. p. 253—254° 
(0-44 g., 69%). 

(b) From the alcohol. By a similar procedure the alcohol yielded tri-p-methoxyphenyl- 
methane (90%) and p-anisaldehyde (75%). 

Non-reactivity of the Acetate——(a) With alcohols. The acetate was recovered after being 
heated under reflux for many hours with methanol, ethanol, or ¢ert.-butyl alcohol. 

(b) With sodium toluene-p-sulphinate. Solutions of the acetate and sulphinate in aqueous 
acetone, with or without a few drops of acetic acid, after evaporation during several days yielded 
the unchanged acetate. 

Rearrangement of the Carbonium Ion.—The alcohol was (a) heated with acetic acid on the 
steam-bath for 10 min., (6) left at room temperature for several hr. in acetic acid containing 
a trace of sulphuric acid, and (c) triturated with cold formic acid. Each experiment yielded 
tetra-p-methoxyphenylethylene almost quantitatively, m. p. and mixed m. p. 183—184°. 
The same product was obtained after 1 day from a solution of the acetate in acetone containing 
a trace of hydrochloric acid. 


Thanks are expressed to the Central Research Fund Committee of the University of London 
for Grants. 


CHEMISTRY DEPARTMENT, BATTERSEA POLYTECHNIC, 
Lonpon, S.W.11. [Received, February 26th, 1957.] 
M4 Robinson and Venkataraman, J., 1929, 61. 


18 Bachman, ]. Amer. Chem. Soc., 1933, 55, 3857. 
16 Baeyer and Villiger, Ber., 1902, 35, 1189. 
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618. Polymerisation of Benzyl and Some Substituted Benzyl 
Perchlorates. 


By P. F. G. PRAILL. 


Solutions of benzyl perchlorate in nitromethane deposit polymer of 
relatively low molecular weight. If an aromatic hydrocarbon is present in 
the mixture, the diarylmethane is formed. The polymer contains benzyl 
groups since with aluminium chloride in benzene it gives diphenylmethane. 
Substituted benzyl perchlorates behave similarly. 


RECENT work on the polymerisation of benzyl derivatives +}? prompts us to record some 
observations with benzyl perchlorates. The formation of a resinous polymer by a solution 
of benzyl perchlorate in nitromethane is doubtless an example of the well-known polymer- 
isation of benzyl derivatives by strong acids. Indeed, it has been shown ‘ that perchloric 
acid polymerises benzyl alcohol in a similar way to sulphuric acid. Among the more 
recent examples of polymerisations of this type are the decomposition of benzyl toluene-p- 
sulphonates © and the polymerisation of benzyl halides by various Lewis acids.+* 

We found that when benzyl bromide was added to a solution of silver perchlorate in 
nitromethane in the presence of an aromatic component such as benzene or toluene, 
nuclear substitution occurred to give diphenylmethane or phenyltolylmethane, respectively. 
In the absence of the hydrocarbons, a polymeric substance was adsorbed on the silver 
bromide. The polymer had properties similar to those mentioned in the works quoted 
above, but its molecular weight (cryoscopic, 700—800) was somewhat lower. 

The material was depolymerised when a dilute solution in benzene was refluxed with 
aluminium chloride; ? a considerable amount of the original material was accounted for 
by the diphenylmethane produced. This indicates that, in the polymer, the benzyl group 
remains essentially unmodified, in agreement with the structure proposed by Haas e¢ al.* 

We have found that the necessity for free ortho- or para-positions for polymerisation 
is excluded by the ready polymerisation of 2: 4: 6-trimethylbenzyl perchlorate. As in 
the work of Haas and others, we have found that electron-releasing substituents such as 
p-methoxy increase the ease of polymerisation, and that polymerisation of the 4-chloro- 
derivative still occurs. In general, the polymers from these compounds resemble that 
from benzyl perchlorate, the molecular weights indicating 4—7 monomer units. 

p-Nitrobenzyl perchlorate in nitromethane does not polymerise, but instead is largely 
converted into p-nitrobenzaldehyde. Ingold and Ingold § obtained this aldehyde instead 
of the expected 4nitrobenzyl fluoride on distilling p-nitrobenzyltrimethylammonium 
fluoride. In our case, it seems that the aldehyde results from oxidation by perchloric 
acid since it is also formed in absence of oxygen. Further, the aldehyde is not produced 
in systems that contain magnesium oxide, which would neutralise any perchloric acid, the 
water formed being removed by the resulting magnesium perchlorate. From some of the 
experiments a small amount of di-4-nitrobenzyl ether was obtained. These observations 
form an interesting contrast to those in which metal halides and 4-nitrobenzyl halides are 
allowed to react under similar conditions. It has been shown® that the nitrobenzyl 


Valentine and Winter, J., 1956, 4768. 
Haas, Livingston, and Saunders, J. Polymer Sci., 1955, 15, 503. 

Burton and Praill, J., 1953, 827; Praill, Ph.D. Thesis, London, 1954. 

Shriner and Berger, J. Org. Chem., 1941, 6, 305. 

Kochi and Hammond, J. Amer. Chem. Soc., 1953, 75, 3443. 

Korshak, Lebedev, and Tsipershtein, J. Gen. Chem. (U.S.S.R.), (U.S. transl.), 1949, 19, 647; 
Illari, Ann. Chim. (Italy), 1950, 40, 483. 

Wertyporoch and Farnik, Annalen, 1931, 491, 265. 

Ingold and Ingold, J., 1928, 2249. 
Boeseken, Rec. Trav. chim., 1904, 23, 98. 
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halide can be recovered unchanged and this may be partly attributed to a preferential 
interaction of the metal halide with the nitro-group rather than with the halogen atom.?° 

During our experiments with 4-nitrobenzyl perchlorate we observed formation of 
variable amounts of p-nitrobenzaldehyde di-4-nitrobenzyl acetal, almost certainly formed 
as a by-product during the working-up. 

The formation of polymers under acid conditions and the influence of various sub- 
stituents on the ease of polymerisation indicate that carbonium ions may be involved. 
However, as Valentine and Winter ! observed, the exact nature of the reaction has not yet 
been elucidated. 


EXPERIMENTAL 


Materials.—Silver perchlorate was treated as described previously.'1! Nitromethane was 
dried (CaCl,) and redistilled. 4-Methoxybenzyl chloride was prepared by the method of 
Livshits e¢ al.12 and 2 : 4: 6-trimethylbenzyl chloride was by the method of Varon and Bolle.'* 

General Procedure.—The benzyl chloride or bromide (0-05 mole), or a solution of the halide 
in nitromethane, was added during 10—20 min. to a chilled (5—15°) solution of silver per- 
chlorate (0-05 mole) in nitromethane (94 g.). Immediate precipitation of silver halide occurred. 
The mixture was left at room temperature for 18—24 hr. and then filtered through a sintered 
filter into ice-water. After being washed with chloroform and water the solid material was 
dried. The filtrate was extracted thrice with chloroform, and the combined extracts were 
washed with water until free from acid, dried (Na,SO,), and evaporated. Any nitromethane 
was removed at the water-pump and the gummy, or resinous, residue was mixed with any 
polymer extracted from the silver halide. The latter was extracted (Soxhlet) with chloroform 
and any adsorbed material was isolated in the normal way. Recovery of silver halide was 
98—100%. ¢ 

Benzyl Perchlorate——About 80% of the total polymeric material was extracted from the 
silver halide. The polymer was a light brown, brittle resin (4-0—4-2 g.) (Found: C, 89-2; 
H, 6-4; Cl, 19%; M, 710. Calc. for C,H,: C, 93-3; H, 6-7%). Its ultraviolet spectrum 
(in CHCl,) had a broad absorption band at 250—290 muy, with small peaks at 264 and 270 my, 
the latter being the main peak. The specific extinction coefficient, E [(optical density) /(path 
length in cm.) (concn. in g. per 1.)] was 5-0. Apart from the absence of a peak at 266 my this 
is in close agreement with the observations by Valentine and Winter. 

As other workers have found, attempts to obtain useful information about structure by 
oxidative degradation were not successful. Pyrolysis of the polymer gave a colourless liquid 
which was predominantly toluene, b. p. 110°, nj® 1-5063, and some intractable higher-boiling, 
viscous, brown material. 

Some of the polymer (5-0 g.) was dissolved in benzene (200 c.c.) and heated under reflux for 
2 hr. with aluminium chloride (10 g.). The mixture was worked up in the usual way. Distil- 
lation of the product gave a pale yellow oil (6-2 g.), b. p. 138—144° (mainly 138—140°)/18 mm., 
which was mainly diphenylmethane (m. p. and mixed m. p. 23°). It also gave some pale yellow, 
rectangular plates, m. p. 205°, that did not depress the m. p. of anthracene. 

Steam-distillation of the main gummy residue gave some yellow oil (0-5 g.) which also 
yielded a small quantity of impure anthracene (m. p. and mixed m. p.). 

4-Methoxybenzyl Perchlovate-—This preparation was carried out in the presence of magnesium 
oxide (2-0 g.) in an attempt to avoid catalytic polymerisation of the halide by liberated per- 
chloric acid. The mixture was left for 40 min. at —5° to 2°. Hardly any of the light orange 
polymer (5-2 g.) was adsorbed on the silver halide. The resin (Found: C, 78-5; H, 6-6; 
OMe, 21:2%; M, 790. Calc. for C,H,O: C, 80-0; H, 6-7; OMe, 25-8%) gave a broad 
absorption band in chloroform at 258—298 my with a single peak at 280 my. The specific 
extinction coefficient was high, as expected, E = 22-6. 


1° Olivier and Berger, Rec. Trav. chim., 1926, 45, 710. 

11 Burton and Praill, J., 1950, 2034. 

12 Livshits, Bazilevskaya, Bainova, Dobrovinskaya, and Preobrazhenskii, ]. Gen. Chem. (U.S.S.R.), 
1947, 17, 1671. 
13 Varon and Bolle, Compt. rend., 1937, 204, 1826. 
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2:4: 6-Trimethylbenzyl Perchlorate—Left at 0—5° for 1 hr. this gave a pale orange gum 
(5-0 g.) (Found: C, 87-3; H, 8:9%; M, 555. Calc. for C,,H,,: C, 90-9; H, 9-1%), about 
8% of which was adsorbed on the silver chloride; it had ultraviolet adsorption at 255—300 
my. with a single peak at 273 my (£ 10-3). 

4-Chlorobenzyl Perchlorate —60—70% of the polymer was adsorbed on the silver halide. 
The gummy polymer (6-4 g.) contained a small amount of aldehyde. The latter was removed 
by repeated extraction of the polymer with hot ethanol; it gave a semicarbazone, m. p. 230° 
(p-chlorobenzaldehyde semicarbazone, m. p. 232°). The extracted polymer was a dark brown 
resin (Found: C, 63-5; H, 3-9; Cl, 28-89%; M, 665. Calc. for (C,H,Cl),: C, 66-9; H, 4-8; 
Cl, 28-3%). In chloroform the material had a broad absorption band at 250—295 my with a 
maximum at 271 my (E 8-3). 

The above results indicate that the polymers probably contain oxygen. However, no 
attempt was made to purify the resins. 

4-Nitrobenzyl Perchlorate-—Here the reaction product (7-5 g.) was a waxy solid, almost 
completely soluble in hot ethanol though a small amount was insoluble (m. p. 206°). The 
solution gave a 2 : 4-dinitrophenylhydrazone equivalent to 4-2 g. of p-nitrobenzaldehyde. The 
2: 4-dinitrophenylhydrazone crystallised from xylene as orange-yellow needles, m. p. 305° 
(decomp.) (Vogel }* gives m. p. 320°). 

The alcoholic solution also deposited some 4-nitrobenzyl alcohol (m. p. and mixed m. p.) 
on storage. 

Experiments carried out in a nitrogen atmosphere gave similar results. 

The material, m. p. 206°, proved to be p-nitrobenzaldehyde di-4-nitrobenzy] acetal. 

When the reaction was carried out in the presence of an excess of magnesium oxide (0-1 mole), 
and the suspension was shaken mechanically for 24 hr., only a trace of aldehyde was detected. 
The product was a sticky solid (7-7 g.); crystallised from benzene and from water it gave 
colourless needles, m. p. and mixed m. p. with 4-nitrobenzyl alcohol, 92—93°. 

From a similar experiment with magnesium oxide the product was allowed to crystallise 
slowly from ethanol; almost colourless prisms (0-9 g.) of di-4-nitrobenzyl ether were obtained. 
Recrystallisation from benzene and then from ethanol gave prisms, m. p. 97—98° (Found : 
C, 58-4; H, 4-0; N, 10-3. Calc. for C,,H,,0;N,: C, 58-3; H, 4-2; N, 9-8%). 

p-Nitrobenzaldehyde Di-4-nitrobenzyl Acetal_—p-Nitrobenzaldehyde (0-75 g.) and 4-nitro- 
benzyl alcohol (1-5 g.) were heated together at 95—100° for 3 hr. The hard yellow acetal was 
boiled with 96% ethanol (20 c.c.), filtered, and washed with hot ethanol. It melted at 209— 
210° (yield 2-0 g.); crystallisation from acetone gave colourless needles, m. p. 213° (Found : 
C, 57-1; H, 3:8; N, 9-7%; M, 410. C,,H,,0,N, requires C, 57-4; H, 3-9; N, 96%; 
M, 439). 

Dissolving this material in hot 60—70% acetic acid reconverted it into the aldehyde and 
alcohol. 


The author is indebted to the University of London for a grant from the Central Research 
Fund. He also thanks Professor H. Burton for his encouragement and Miss M. Seidenberg 
for technical assistance. 


QUEEN ELIZABETH COLLEGE, 
CAMPDEN Hitt Roap, Lonpon, W.8. [Received, March 20th, 1957.) 


1 Vogel, “ Practical Organic Chemistry,”” Longmans, London, 1948. 
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619. The Chemotherapy of Filariasis. Analogues of Diethylcarbamazine 
(1-Diethylcarbamoyl-4-methyl piperazine) derived from 2: 4'- and 4: 4’- 
Dipiperidyl, Homopiperazine, and 4-Aminopiperidine. 

By P. Brooxes, R. J. TERRY, and JAMES WALKER. 


Analogues of diethylcarbamazine (1l-diethylcarbamoyl-4-methylpiper- 
azine) (I) derived from 2: 4’- and 4: 4’-dipiperidyl, homopiperazine, and 
4-aminopiperidine have been prepared. Those analogues having the same 
pattern of substitution on the nitrogen atoms as that which favours activity 
in the piperazine series were active in reducing the numbers of circulating 
microfilarie in cotton rats infected with Litomosoides carinii. The diethyl- 
sulphamoy] analogue of (I) and the corresponding homopiperazine derivative 
were also active. Though all the compounds examined were less active 
than (I), the results show that the piperazine nucleus is not essential for the 
characteristic biological action of diethylcarbamazine. 





THE introduction of filarial infections in cotton rats as a laboratory model led to the 
discovery of therapeutically effective derivatives of piperazine. Piperazine itself, though 
now used in other forms of helminthiasis, is inactive, but the introduction of an ethoxy- 
carbonyl group in the 1-position with a hydrogen atom or a small range of substituents in 
the 4-position of the piperazine ring gave compounds with marked activity in reducing the 
numbers of microfilariz circulating in the peripheral blood. Lower alkyl groups in the 
4-position up to the -butyl group gave active compounds of increasing toxicity as the 
alkyl chain was lengthened, and other permissible substituents in the 4-position were the 
amidino- and the ethoxycarbonyl group. The ethoxycarbonyl group in the 1-position 
could be replaced by lower alkylcarbamoy] or dialkylcarbamoy] groups, and, of the resulting 
substances, 1-diethylcarbamoyl-4-methylpiperazine (diethylcarbamazine, ‘‘ Hetrazan ’’) 
(I) has proved of value in the treatment of filarial infections in man and in other forms of 
: helminthiasis. In spite of the dramatic effect produced by diethylcarbamazine (I) on the 
" circulating microfilariz 1m vivo, the drug appears to have no direct lethal action i» vitro on 
- the microfilarie, and its precise mode of action has been a subject of interest in these 
: laboratories for some years.*_ As, hitherto, the piperazine ring has been considered to be 
of fundamental importance,’ the purpose of the present work was to study the effect on 
biological activity of the replacement of the piperazine ring in diethylcarbamazine by the 


a ring systems of other strong cyclic diacidic bases, 2: 4’- (II) and 4: 4’-dipiperidyl (III), 

homopiperazine (IV), and 4-aminopiperidine (V) being selected for this purpose. Morley * 
h examined derivatives of 1: 2:3:4-tetrahydroquinoxaline and of 5: 10-dihydro- and 
g trans-1 :2:3:4:5:10:11:12-octahydro-phenazine in the same connection but in 


none of his compounds was the NN’-substitution characteristic of diethylcarbamazine 
achieved and no biological results were recorded. 

Two analogues of diethylcarbamazine (I) can theoretically be derived from 2 : 4’-di- 
piperidyl (II), namely, 1’-diethylcarbamoyl-l-methyl- (VI) and 1-diethylcarbamoyl-l’- 
methyl-2 : 4’-dipiperidyl (VII), and the first stage in the preparation of either was the 
appropriate protection of one of the imino-groups in 2: 4’-dipiperidyl (II) itself. The 
unsymmetrical structure of 2 : 4’-dipiperidyl (II) with its relatively hindered 1-position 
favoured the formation of the 1’-benzyloxycarbony] derivative (VIII) by the action of a 
toluene solution of benzyl chloroformate on 2 : 4’-dipiperidyl in aqueous-methanolic acid. 
Methylation of this derivative with formaldehyde and formic acid and removal of the 
benzyloxycarbonyl group with hydrogen bromide in acetic acid then gave l-methyl-2 : 4’- 
dipiperidyl (IX). Benzoylation of the benzyloxycarbonyl compound (VIII) and removal 


1 Hewitt, White, Wallace, Stewart, Kushner, and SubbaRow, J. Lab. Clin. Med., 1947, 32, 1304. 

* Hawking, Sewell, and Thurston, Brit. ]. Pharmacol., 1950, 5, 217; Bangham, ibid., 1955, 10, 397, 
406; Chase and Downes, /J., 1953, 3874. 

* Cf. Hawking, Pharmacol. Rev., 1955, '7, 283. 

* Morley, /., 1952, 4002, 4008. 
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of the benzyloxycarbonyl group by catalytic hydrogenation, or by cautious treatment with 
hydrogen bromide in acetic acid, afforded 1-benzoyl-2 : 4’-dipiperidyl (X), which was like- 
wise methylated with formaldehyde and formic acid to the 1’-methyl derivative, and gave 
access, on hydrolysis, to 1’-methyl-2 : 4’-dipiperidyl (XI). 1-Methyl-2 : 4’-dipiperidyl (IX) 
was converted into the 1’-ethoxycarbonyl- (XII), 1’-allylthiocarbamoyl- (XIII), 1’-amidino- 
(XIV), and 1’-phenylcarbamoyl- (XV) derivatives by the action of ethyl chloroformate, 
allyl isothiocyanate, S-methylthiuronium sulphate, and phenyl isocyanate respectively. 
The 1’-carbonyl chloride was obtained by the action of a large excess of carbonyl chloride 
on 1-methyl-2 : 4’-dipiperidyl, and with diethylamine gave 1’-diethylcarbamoyl-1-methyl- 
2 : 4’-dipiperidyl (VI) ; when only a slight excess of carbonyl] chloride was used the product, 
after treatment with diethylamine, was shown by analysis to be carbonyl-l’ : 1’-bis-(1- 
methyl-2 : 4’-dipiperidyl). The diethylcarbamoyl derivative (VI) was also obtained by 
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(IV) R=R’=H (V) R=R’=R"= 
(XXI) R=H,R’=Me (XXV) R=Me,R’=R”=H 
(XXII) R = CO-NEt,, R’ = Me (XXVI) R= Me, R’ = CO,Et, R” = 
(XXIII) R= SO,"NEt,, R’ = Me (XXVII) R= R’= Me, R” = CO-NEt, 
(XXVIII) R=R’=Me,R” =H 
(XXIX) R= R’=Me, R” = CO,Et 
ee da a (XXX) R=CH,Ph, R’= R” =H 
2°20) NMe (XXXI) R=H, R’= R” = Me 
Nasal (XXXII) R= CO,Et, R’= R” = Me 
(XXIV) (XXXII) R = CO-NEt,, R’ = R” = Me 


the action of diethylcarbamoyl chloride on 1-methyl-2 : 4’-dipiperidyl, but great difficulty 
was experienced in characterising it (VI), as, without exception among those examined, 
salts containing biologically acceptable anions were deliquescent; the citrate gave 
analytical figures indicative of a sesquicitrate, and a further analytical check was obtained 
by using the tetraphenylboron salt. 1’-Methyl-2 : 4’-dipiperidyl (XI) failed to react with 
diethylcarbamoyl chloride under conditions similar to those used in the preparation of 
(VI) (above), presumably as the joint result of the steric hindrance of the 1-position and 
the spatial requirements of the ethyl groups ° in diethylcarbamoyl chloride, but the phenyl- 
carbamoyl derivative (XVI) was obtained by the action of phenyl tsocyanate. The steric 
hindrance of the 1-position in 2 : 4’-dipiperidy] (II) is also borne out by the formation from 
it of a monoamidino-derivative (XIV; R = H in place of Me) by the action of S-methyl- 
thiuronium sulphate. The alternative route to the 1-diethylcarbamoyl derivative (VII) 
via the l-carbonyl chlorde was not promising. 


5 Cf. Brown and Sujishi, J. Amer. Chem. Soc., 1948, 70, 2878; Brown and Eldred, ibid., 1949, 
71, 445. 
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In similar fashion 4 : 4’-dipiperidyl (III) was converted into the 1-benzyloxycarbonyl 
(XVII) and the 1-benzyloxycarbonyl-l’-methyl derivative (XVIII). Removal of the 
protecting group gave l-methyl-4 : 4’-dipiperidyl (XIX) which was converted by the two 
alternative methods used in the preparation of 1’-diethylcarbamoyl-l-methy]l-2 : 4’-di- 
piperidyl (VI) into the required diethylcarbamazine analogue, 1-diethylcarbamoy]l-l’- 
methyl-4 : 4’-dipiperidyl (XX). Trouble was again experienced with deliquescent salts, 
and the citrate, in this case also, gave analytical figures indicating that it was a 
sesquicitrate. 

1-Methylhomopiperazine (X XI), prepared by a combination of known methods,’ was 
converted by reaction with diethylcarbamoyl chloride and with diethylsulphamoyl 
chloride into 1-diethylcarbamoyl- (XXII) and _ 1-diethylsulphamoyl-4-methylhomo- 
piperazine (XXIII) respectively, while 1-diethylsulphamoyl-4-methylpiperazine (XXIV) 
was similarly prepared from 1-methylpiperazine and diethylsulphamoyl chloride. The 
three compounds (XXII)—(XXIV) were characterised and tested in the form of citrates. 

Diethylcarbamazine analogues derived from 4-aminopiperidine (V) may bear the 
diethylcarbamoyl group attached in the 1-position or attached to the extracyclic amino- 
group and both types have been obtained. Reduction of 1-methyl-4-piperidone oxime 
with sodium and ethanol gave 4-amino-l-methylpiperidine (XXV) from which an ethoxy- 
carbonyl derivative (XX VI) was prepared but an attempt to prepare a diethylcarbamoyl 
derivative was unsuccessful. In contrast a diethylearbamoyl derivative (XXVII) was 
readily obtained from 1-methyl-4-methylaminopiperidine (XXVIII), prepared by reductive 
amination of 1-methyl-4-piperidone in presence of methylamine, and the ethoxycarbonyl 
derivative (X XIX) was also prepared. Access to the alternative series was obtained via 
1-benzyl-4-piperidone. Reduction of 1-benzyl-4-piperidone oxime gave 4-amino-1-benzyl- 
piperidine (XXX) which was methylated with formaldehyde and formic acid to give 
1-benzyl-4-dimethylaminopiperidine. Hydrogenolysis afforded 4-dimethylaminopiperidine 
(XX XI), from which the ethoxycarbonyl (XXXII) and the diethylcarbamoyl (XX XIII) 
derivative were prepared. The compounds (XXVII) and (XXIX) were characterised and 
tested as citrates, and the compounds (XXXII) and (XXXIII) as hydrochlorides; the 
compound (XXVI) was tested as a neutralised solution in hydrochloric acid. 

Biological tests were carried out according to the general method of Sewell and 
Hawking § on cotton rats infected in the laboratory with Litomosotdes carinii by exposure 
to tropical rat mites which had been in contact with a heavily infected donor rat. Micro- 
filarial counts were made at the outset of treatment and at intervals of 2—3 days for a total 
of 14 days. The condition of the adult worms was determined at autopsy. 1’-Diethyl- 
carbamoyl-l-methyl-2 : 4’- (VI) and 1-diethylcarbamoy]-1’-methy]-4 : 4’-dipiperidyl (XX) 
sesquicitrates were markedly active in reducing the numbers of circulating microfilariz. 
One other derivative, 1’-ethoxycarbonyl-l-methyl-2 : 4’-dipiperidyl (XII), tested as a 
neutralised solution in hydrochloric acid, was of doubtful activity, and the remaining 
dipiperidyl derivatives, (XIII)—(XVI), were inactive. The five derivatives, (XXVI), 
(XXVII), (XXIX), (XXXII), and (XXXIII) of 4-aminopiperidine, the homopiperazine 
derivatives, (XXII) and (XXIII), and 4-diethylsulphamoyl-l-methylpiperazine (XXIV) 
all caused the numbers of circulating microfilarie to fall although none was as potent as 
diethylcarbamazine (I). No compound tested in this investigation appeared to have any 
action on the adult worms, nor, in fact, does diethylcarbamazine (I). After the 
completion of this work, Reinertson and Thompson ® reported that 1-diethylcarbamoy]-4- 
methylhomopiperazine (XXII) hydrochloride had about one-quarter to one-half of the 
activity of diethylcarbamazine in reducing the numbers of circulating microfilarie of 

® King and Wright, J., 1939, 253. 

7 (a) Org. Synth., 1940, 20, 35; (b) McElvain, J. Amer. Chem. Soc., 1924, 46, 1721; (c) Dickerman 
ag Org. Chem., 1949, 14, 530; (d) Sommers, Michaels, and Weston, J. Amer. Chem. Soc., 


8 Sewell and Hawking, Brit. J. Pharmacol., 1950, 5, 239. 
® Reinertson and Thompson, Antibiotics and Chemotherapy, 1955, 5, 566. 
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L. carinii in naturally infected cotton rats. Although none of the compounds described 
above approaches diethylcarbamazine (I) in activity, the results nevertheless dispose of 
the belief that the presence of the piperazine ring is essential for the characteristic 
biological action of diethylcarbamazine, but the pattern of substitution on the nitrogen 
atoms that is most favourable in the piperazine series appears to be necessary for activity 
when applied to 2 : 4’-dipiperidyl (II) and gave active compounds when applied to 4: 4’- 
dipiperidyl (III), homopiperazine (IV), and 4-aminopiperidine (V). 


EXPERIMENTAL 

1’-Benzyloxycarbonyl-2 : 4’-dipiperidyl (VIII).—A solution of 2: 4’-dipiperidyl (8-4 g.) in 
methanol (50 c.c.) was neutralised to bromocresol-purple with concentrated hydrochloric acid, 
and treated with a toluene solution (10 c.c. of 85% w/v) of benzyloxycarbonyl chloride '° 
(8-5 g.), added in small portions (0-5 c.c.) with constant stirring. After each addition time was 
allowed for reaction to occur before adjustment of the pH to the neutral point of the indicator 
with 6N-sodium hydroxide. When all the benzyloxycarbonyl chloride had been added (45— 
60 min.), water (100 c.c.) was added and the solution was concentrated to remove organic 
solvents. The residual aqueous solution was rendered strongly acidic in the cold with con- 
centrated hydrochloric acid, and three extractions with benzene removed crude 1 : 1’-dibenzyl- 
oxycarbonyl-2 : 4’-dipiperidyl. The aqueous phase was brought to pH ca. 12 with cold 50% 
sodium hydroxide solution and again extracted with benzene. On evaporation of the washed, 
dried extract, crude 1’-benzyloxycarbonyl-2 : 4’-dipiperidyl was obtained as a pale straw- 
coloured syrup (12-2 g.), which did not crystallise and could not be distilled; it was charac- 
terised as the picrate, which crystallised from dimethylformamide-ether in yellow prisms, m. p. 
231—232° (Found: C, 53-8; H, 5-3; N, 13-1. C,,H,,O,N,,C,H,O,N, requires C, 54:2; H, 
5-5; N, 13-2%). 

Similar results were obtained when bromophenol-blue was used as indicator. 

1’-Benzyloxycarbonyl-1-methyl-2 : 4’-dipiperidyl—A mixture of 1’-benzyloxycarbonyl-2 : 4’- 
dipiperidyl (6-0 g.) and 100% formic acid (2-3 g.), prepared with cooling, was heated with 35% 
aqueous formaldehyde solution (3 c.c.) under reflux on the water-bath for 4 hr. Addition of an 
equivalent of hydrobromic acid and evaporation to dryness under reduced pressure afforded a 
gum (8-0 g.), which failed to crystallise, as also did the free base prepared from it. The base 
was characterised as the picrate, which separated from ethanol in rosettes of pale yellow needles, 
m. p. 217° (Found: C, 54-3; H, 5-6; N, 12-9. C,,H,,0,.N,,C,H,;O,N, requires C, 55-0; H, 
5-7; N, 12-8%). 

1-Methyl-2 : 4’-dipiperidyl (IX) Dihydrobromide and Dihydrochloride.—\’-Benzyloxycarb- 
onyl-1-methyl-2 : 4’-dipiperidyl hydrobromide (8-0 g.) was dissolved in a 33% solution of 
hydrogen bromide in glacial acetic acid (20 c.c.), and the mixture was kept, protected from 
atmospheric moisture, for 1 hr., at the end of which evolution of carbon dioxide had ceased. 
Addition of two volumes of ether then precipitated 1-methyl-2 : 4’-dipiperidyl dihydrobromide, 
sometimes as a solid but more often as a stiff gum (5-6 g.); it crystallised from methanol-ethyl 
acetate in colourless prisms, m. p. 300° (decomp.) (Found: C, 38-2; H, 6-5; N, 8-0. 
C,,H.,N,,2HBr requires C, 38-4; H, 7-0; N, 8-1%). 

The dihydrochloride, prepared from the free base in dry ether, separated from methanol- 
ethyl acetate in colourless prisms, m. p. 318—320° (decomp.) (Found: C, 51-9; H, 8-8; N, 10-8. 
C,,HggN,,2HCl requires C, 51-8; H, 9-4; N, 11-0%). 

1’- Ethoxycarbonyl- 1-methyl-2 : 4’-dipiperidyl (XII).—1-Methyl-2 : 4’-dipiperidy] dihydro- 
chloride (2-55 g.) was treated with excess of 50% aqueous sodium hydroxide solution, and the 
free base was taken up in benzene. The dried benzene solution was then boiled under reflux 
for 6 hr. with anhydrous sodium carbonate (1-1 g.) and ethyl chloroformate (1-1 g.), cooled, and 
filtered. Fractionation of the filtrate afforded an oil (2-1 g.), b. p. 128—131°/0-07 mm., charac- 
terised as the picrate, which separated from dimethylformamide—ether in yellow needles, m. p. 
188—190° (decomp.) (Found: C, 49-8; H, 5-7. C,gH2,0.N2,C,H,O,N,; requires C, 49-7; H, 
6-0%). The hydrochloride was deliquescent. 

1’-Allylthiocarbamoyl-1-methyl-2 : 4’-dipiperidyl (XIJI).—The free base from 1-methyl-2 : 4’- 
dipiperidyl dihydrochloride (2-55 g.) was treated under reflux in boiling alcoholic solution 
(20 c.c.) with allyl isothiocyanate (1-0 g.) for 90 min., and evaporation of the solution gave a 
1° Org. Synth., 1943, 23, 13. 
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crystalline solid (2-47 g.). Recrystallisation from benzene-light petroleum afforded 1’-allyl- 
thiocarbamoyl-1-methyl-2 : 4’-dipiperidyl as colourless needles, m. p. 128° (Found: C, 64-1; H, 
8-8; N, 14-5. C,;H,,N;S requires C, 64-1; H, 9-6; N, 14-9%). 

1’-A midino-1-methyl-2 : 4’-dipiperidyl (XIV) Sulphate.—A solution of 1-methyl-2: 4’-di- 
piperidyl (1-82 g.) and S-methylthiuronium sulphate !4 (1-3 g.) in 65% aqueous ethanol (15 c.c.) 
was boiled under reflux for 3 hr., at the end of which evolution of methanethiol had ceased. ‘The 
solution, rendered slightly acid by the addition of a few drops of 2N-sulphuric acid, was taken to 
dryness, affording a solid residue. Recrystallisation from methanol-ethyl acetate gave colour- 
less prisms of 1’-amidino-1-methyl-2 : 4’-dipiperidyl sulphate tetrahydrate, which lost most of its 
water of crystallisation at 100° but did not melt below 350° (Found : C, 36-8; H, 8-3; N, 14-7; 
loss at 100°, 16-1. C,H ,N,,H,SO,,4H,O requires C, 36-6; H, 8-6; N, 14-2; 4H,O, 18-2%). 

1-Methyl-1’-phenylcarbamoyl-2 : 4’-dipiperidyl (XV).—A solution of 1-methyl-2: 4’-di- 
piperidyl (1-82 g.) in dry benzene (10 c.c.) was boiled under reflux with phenyl isocyanate 
(1-2 g.) for lhr. The gum (2-9 g.), left on removal of the solvent, crystallised on trituration with 
dry ether, and recrystallisation from chloroform-—light petroleum afforded 1-methyl-1’-phenyl- 
carbamoyl-2 : 4’-dipiperidyl as colourless needles, m. p. 166—167° (Found: C, 72-1; H, 8-4; N, 
14-2. C,,H,,ON; requires C, 71-8; H, 9-0; N, 14-:0%). 

Diethylcarbamoyl Chloride ——A toluene solution (48 c.c.) of carbonyl chloride (9-9 g.) was 
cooled in carbon dioxide—acetone, and diethylamine (14-6 g.) was added slowly with stirring. 
The mixture was allowed to come to room temperature and remain overnight before removal of 
the precipitated diethylamine hydrochloride. Fractionation of the filtrate gave diethyl- 
carbamoyl chloride (7-5 g., 55%), b. p. 45—47°/0-5 mm., b. p. 186—189°/760 mm., n?° 1-456. 
Hantzsch and Sauer * record b. p. 186°, while Sekera, Jakubec, Kral, and Vrba }* record b. p. 
81—85°/20 mm. 

1-Methyl-2 : 4’-dipiperidyl-1’-carbonyl Chloride Hydrochloride.—A solution of 1-methyl-2 : 4’- 
dipiperidyl (3-65 g.) in dry toluene (40 c.c.) was added slowly and with vigorous stirring to an 
ice-cold solution of carbonyl chloride (10 g.) in dry toluene (70 c.c.). The mixture was stirred 
for 1 hr. after all the base had been added, and then kept at room temperature overnight. The 
precipitated solid (4-0 g., 71%) was collected and washed with dry toluene and with dry ether. 
It was deliquescent, but recrystallisation from dry dioxan afforded colourless prisms of 1-methyl- 
2 : 4’-dipiperidyl-1’-carbonyl chloride hydrochloride, m. p. 211—213° (decomp.) (Found: C, 51-6; 
H, 7-3; N, 10-0. C,,H,,ON,Cl,HCI requires C, 51-3; H, 7-8; N, 10-0%). 

When this reaction was carried out with only a slight excess of carbonyl chloride, and the 
product was treated with diethylamine, a crystalline solid was obtained. Recrystallisation 
from benzene—light petroleum gave colourless plates, m. p. 208—209°, and analysis showed the 
substance to be carbonyl-1’ : 1’-bis-(1-methyl-2 : 4’-dipiperidyl) (Found: C, 71-0; H, 10-6; N, 
14-3. C,3;H,,ON, requires C, 70-8; H, 10-8; N, 14-4%). 

1’-Diethylcarbamoyl-1-methyl-2 : 4’-dipiperidyl (V1) Sesquicitrvate—(a) Pure crystalline 1- 
methyl-2 : 4’-dipiperidyl dihydrochloride (84-7 mg.) was added to triethylamine (100 mg.) in dry 
chloroform (4 c.c.), followed by diethylcarbamoyl chloride (42 mg.) in dry chloroform (1 c.c.). 
After remaining at room temperature overnight the chloroform was removed by distillation and 
ether was added. The precipitated triethylamine hydrochloride was removed and the filtrate 
was reduced to small bulk (ca. 5 c.c.). A dried ethereal solution (5 c.c.) of citric acid (72 mg.) 
was added and the precipitated citrate was collected at the centrifuge, washed with dry ether, 
and dried ina vacuum. The substance was deliquescent, and, in attempts to observe the m. p., 
it frothed at ca. 55°; analysis showed the substance to be a sesquicitrate (Found: C, 52-2; H, 
7-6; N, 7-7. CygHs,ON;,14C,H,O, requires C, 52-7; H, 7-6; N, 7-4%). 

The base was further characterised as the tetraphenylboron salt. The sesquicitrate was 
dissolved in water and treated with an aqueous solution of sodium tetraphenylboron 
(‘‘ Kalignost ’’’).1* The resulting white precipitate was set aside for 45 min. before it 
was collected, washed, and dried in a vacuum (Found: C, 79-5; H, 83; N, 17:3. 
C,gH3;,ON;3,Cg,H,,B requires C, 79-9; H, 8-5; N, 7-0%). 

(6) A solution of diethylamine (2-2 g.) in dry toluene (20 c.c.) was added slowly and with 
stirring to 1-methyl-2 : 4’-dipiperidyl-1’-carbonyl chloride hydrochloride (2-8 g.) suspended in 


11 Org. Synth., Coll. Vol. II, p. 411. 

12 Hantzsch and Sauer, Annalen, 1898, 299, 90. 

13 Sekera, Jakubec, Kral, and Vrba, Chem. Listy, 1952, 46, 762. 
14 Cf. Zeidler, Z. physiol. Chem., 1952, 291, 177. 
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dry toluene (20 c.c.). The mixture was then heated on the steam-bath for 2 hr., cooled, and 
diluted with an equal volume of dry ether. The precipitated diethylamine hydrochloride was 

removed and the filtrate was evaporated, to give crude 1’-diethylcarbamoyl-1-methyl-2 : 4’-di- 

piperidyl as a pale brown oil (2-5 g.). The citrate was prepared in dry ether and found to be 

identical with the salt isolated as in (a) (Found: C, 52-6; H, 7-4; N, 7-5%). 

1’-Methyl-2 : 4’-dipiperidyl (X1).—(i) Anhydrous sodium carbonate (1-0 g.) was added to a 
solution of 1’-benzyloxycarbonyl-2 : 4’-dipiperidyl (3-0 g.) in dry benzene, and the mixture was 
treated dropwise with benzoyl chloride (1-4 g.). The mixture was heated under reflux for 1 hr., 
and then filtered. Removal of the solvent left a gum (4-0 g.) which failed to solidify. 

(ii) The preceding crude 1-benzoyl-1’-benzyloxycarbonyl-2 : 4’-dipiperidyl (15 g.) in 
absolute alcohol was stirred in hydrogen at 120°/35 atm. for 12 hr. in presence of 5% palladised 
charcoal (1 g.). Removal of catalyst and evaporation gave a gum; attempts to characterise this 
product were fruitless as all the salts examined were either gummy or highly deliquescent solids. 

(iii) The preceding 1-benzoyl-2 : 4’-dipiperidy] (9-0 g.) was methylated in the usual way with 
35% aqueous formaldehyde (3-4 c.c.) and 90% formic acid (3-4c.c.). Isolation of the resulting 
1-benzoyl-1’-methyl-2 : 4’-dipiperidyl as the free base gave a gum (7-5 g.); the picrate 
crystallised from dimethylformamide-ether in yellow needles, m. p. 172—173° (Found: C, 
55-9; H, 5-6; N, 13-3. C,gsH,,ON.,C,H,O,N; requires C, 55-9; H, 5-6; N, 13-6%). 

(iv) A solution of the preceding 1-benzoyl-1’-methyl-2 : 4’-dipiperidy] (7-5 g.) in 20% hydro- 
chloric acid (50 c.c.) was boiled under reflux for 6 hr. The solution was cooled and basified with 
50% aqueous sodium hydroxide. Extraction with benzene gave 1’-methyl-2 : 4’-dipiperidyl 
as a pale brown oil (4-7 g.)._ All the salts of this base examined were deliquescent, but, by taking 
stringent precautions, a citrate was obtained by precipitation from ethereal solution, and, in 
attempts to observed the m. p., softened progressively from ca. 45° and frothed at 85° (Found : 
C, 54-6; H, 8-9; N, 7-6. C,,HseN2,C,H,O, requires C, 54-5; H, 8-0; N, 7-5%). 

1’-Methyl-1-phenylcarbamoyl-2 : 4’-dipiperidyl (XVI).—A solution of 1’-methyl-2: 4’-di- 
piperidyl (1-2 g.) in dry benzene (10 c.c.) was boiled under reflux for 1 hr. with phenyl tsocyanate 
(0-78 g.). Removal of the solvent gave a gum. The highly deliquescent citrate crystallised 
from ethanol-ether; it softened and melted over the range 65—85° (Found: C, 58-1; H, 7-1; 
N, 7-9. C,sH,,ON;,C,H,O, requires C, 58-4; H, 7-1; N, 8-5%). 

1-Benzyloxycarbonyl-4 : 4’-dipiperidyl (XVII).—4:4’-Dipiperidyl (8-4 g.), purified by 
sublimation, was dissolved in methanol (100 c.c.), and the solution was neutralised to bromo- 
phenol-blue with concentrated hydrochloric acid. A hydrochloride was precipitated at this 
stage but redissolved during the reaction with benzyloxycarbonyl chloride, carried out as 
described for the 2: 4’-compound. 1-Benzyloxycarbonyl-4 : 4’-dipiperidyl was obtained as an 
orange-brown viscous oil (8-3 g.). Similar results were obtained when bromocresol-purple was 
used as the indicator. The product was characterised as the picrate, which crystallised 
from ethanol in yellow needles, m. p. 156—158° (Found: C, 54:5; H, 5-8; N, 13-7. 
C,3H,,0,N2,C,H,;O,N; requires C, 54-2; H, 5-5; N, 13-2%). 

1 - Benzyloxycarbonyl - 1’ - methyl-4: 4’-dipiperidyl (XVIII) Hydrochloride—The preceding 
substance was methylated with formaldehyde and formic acid in the manner described above in 
analogous cases, yielding a pale brown gum. The Aydrochloride separated from methanol-ethyl 
acetate in prisms, m. p. 198—200° (Found : C, 64-6; H, 8-3; N, 7-8. C,,H,,0,N,,HCl requires 
C, 64-7; H, 8-2; N, 7-9%). 

1-Methyl-4 : 4’-dipiperidyl (XIX) Dihydrochloride——The preceding substance was treated 
with a 33% solution of hydrogen bromide in glacial acetic acid as described for the 2 : 4’-isomer, 
affording the base in 78% yield. The dihydrochloride separated from methanol-ethyl acetate 
in prisms, m. p. 306—308° (Found: C, 51-8; H, 9-5; N, 10-6. C,,H,.N,,2HCl requires C, 
51-8; H, 9-4; N, 11-0%). 

1-Methyl-4 : 4’-dipiperidyl-1’-carbonyl Chloride Hydrochloride—1-Methyl-4 : 4’-dipiperidy] 
(3-6 g.) was treated with carbonyl] chloride as described for 1-methyl-2 : 4’-dipiperidyl, affording 
a highly deliquescent solid (2-8 g., 50%) which, recrystallised from anhydrous dioxan, had m. p. 
288—290° (Found: C, 51-2; H, 9-1; N, 10-2. C,,H,,ON,Cl,HCI requires C, 51-3; H, 7-8; N, 
10-0%). 

1-Diethylcarbamoyl-1'-methyl-4 : 4’-dipiperidyl (XX)  Sesquicitrate —1-Methyl-4 : 4’-dipi- 
peridyl-1’-carbonyl chloride hydrochloride (2-8 g.) was treated with diethylamine (2-2 g.) as 
described for the 2: 4’-isomer, yielding a gummy solid (2-2 g.). The hydrochloride was 
deliquescent, as were other salts prepared from it. A deliquescent citrate was, however, prepared 
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in dry ether and recrystallised from methanol-ethyl acetate; in attempts to observe the m. p. 
the substance frothed at ca. 100°, and analysis showed it to be a sesquicitvate (Found: C, 53-0; 
H, 7:7; N, 7-2. C,gH3,ON,1$C,H,O, requires C, 52-7; H, 7-6; N, 7-4%). 

The same product was obtained on treating 1-methyl-4: 4’-dipiperidyl with diethyl- 
carbamoyl] chloride. 

The tetraphenylboron salt was prepared as described for the 2: 4’-dipiperidyl analogue 
(Found : C, 80-2; H, 8-2. C,,.H3;,ON;,C,,H,,B requires C, 79-9; H, 8-5%). 

1-Diethylcarbamoyl-4-methylhomopiperazine (XXII) Citrate-—To a solution of 1-methylhomo- 
piperazine ? (0-23 g.) in dry chloroform (3 c.c.) was added triethylamine (0-2 g.), followed by 
diethylcarbamoyl chloride (0-27 g.) in dry chloroform (2c.c.). After 18 hr. at room temperature 
the chloroform was removed and dry ether (20 c.c.) was added. The precipitated triethylamine 
hydrochloride was removed and evaporation then gave crude 1-diethylcarbamoyl-4-methyl- 
homopiperazine as a pale brown oil (0-35 g.). The citrate separated from propanol-ether in 
needles, m. p. 110—112° (Found: C, 50-0; H, 7-8; N, 10-4. C,,H,,;0N;,C,H,O, requires 
C, 50-4; H, 7-7; N, 10-4%). The picrate crystallised from dimethylformamide-—ether in yellow 
prisms, m. p. 137—138° (Found: C, 46-0; H, 5-8; N, 18-8. C,,H,;ON;,C,H,O,N; requires 
C, 46-2; H, 5-9; N, 19-0%). 

1-Diethylsulphamoyl-4-methylpiperazine (XXIV) Citrate.—(i) Diethylsulphamoy] chloride was 
prepared by the method of Binkley and Degering }5 except that the reaction mixture was not 
boiled ; the product was a colouriess oil, b. p. 51—52°/0-7 mm., n? 1-4625. 

(ii) 1-Methylpiperazine dihydrochloride monohydrate (0-96 g.) was made into a slurry in 
chloroform (10 c.c.), and triethylamine (1-5 g.) was added. The solution was dried (Na,SO,) 
and diethylsulphamoyl chloride (0-86 g.) in dry chloroform (5 c.c.) was added slowly. The 
product was isolated in the same manner as the preceding one, and crude 1-diethylsulphamoyl-4- 
methylpiperazine was obtained as a pale yellow oil. The citrate separated from propanol—ether 
in needles (1-25 g.), m. p. 151° (Found: C, 42-2; H, 6-8. C,H,,0O,N;S,C,H,O, requires C, 42-2; 
H, 6-8%). A maleate has been described by Morren e¢ al.1* 

1-Diethylsulphamoyl-4-methylhomopiperazine (XXIII) Citrate——Prepared similarly from 
l-methylhomopiperazine (0-57 g.), crude 1-diethylsulphamoyl-4-methylhomopiperazine was 
a yellow oil (90% yield). The citrate crystallised from propanol in needles (1-65 g.), m. p. 
161—163° (Found: C, 43-7; H, 7:0; N, 9-3; S, 7-0. Cy 9H,;0,N;S,C,H,O, requires C, 43-6; 
H, 7-0; N, 9-5; S, 7-3%). 

4-Amino-l-methylpiperidine (XXV) Dihydrochloride—(i) 1-Methyl-4-piperidone 17 was 
converted into the oxime hydrochloride as described by Dickerman and Lindwall.”¢ 

(ii) 1-Methyl-4-piperidone oxime hydrochloride (8-2 g.) was dissolved in absolute alcohol 
(100 c.c.) and treated with a solution of sodium ethoxide (from 1-15 g. of sodium) in ethanol 
(50 c.c.). Precipitated sodium chloride was removed and the filtrate was brought to the b. p. 
on the steam-bath. When boiling vigorously the solution was removed from the bath, and 
sodium (11-5 g.) was added as quickly as possible without loss of ethanol. The solution was 
then concentrated until separation of sodium ethoxide was troublesome, water (50 c.c.) was 
added, and the remainder of the alcohol distilled off, the addition of water being repeated during 
this process. The remaining aqueous solution was saturated with potassium carbonate and 
extracted with ether (3 x 50 c.c.). The dried extract gave 4-amino-l-methylpiperidine as a 
pale yellow oil (2-9 g.). The dihydrochloride separated from methanol-ethyl acetate in colour- 
less needles, m. p. 242—-244° (Found: C, 38-5; H, 8-4; N, 14-4; Cl, 37-7. C,H,,N,,2HCl 
requires C, 38-5; H, 8-6; N, 15-0; Cl, 38-0%). 

4-Ethoxycarbonylamino-1-methylpiperidine (XXVI).—Triethylamine (1-5 g.) in dry chloro- 
form (5 c.c.) was added to 4-amino-l-methylpiperidine dihydrochloride (0-94 g.) in dry 
chloroform (20 c.c.), and the resulting clear solution was treated with ethyl chloroformate 
(0-54 g.) in the same solvent (5 c.c.), with ice-cooling. 4-Ethoxycarbonylamino-1-methyl- 
piperidine (0-7 g.), isolated in the usual way, separated from light petroleum in colourless 
needles, m. p. 65—67° (Found: C, 58-0; H, 9-6; N, 15-1. C,H,,N,O, requires C, 58-1; H, 
9-7; N, 15-0%). 

1-Methyl-4-methylaminopiperidine (XXVIII) Dihydrochloride——A mixture of 1-methyl-4- 
piperidone (1-13 g.) and methylamine (0-31 g.; 0-96 c.c. of a 33% w/v solution) in ethanol 





15 Binkley and Degering, J]. Amer. Chem. Soc., 1939, 61, 3250. 
16 Morren, Trolin, Denayer, and Grivsky, Bull. Soc. chim. belges, 1950, 59, 228. 
17 Bolyard and McElvain, J. Amer. Chem. Soc., 1929, 51, 922. 
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(10 c.c.) was hydrogenated at atmospheric pressure and room temperature in the presence of 
Adams’s platinum oxide catalyst (0-2 g.) for 3 hr. Removal of the catalyst and evaporation 
of the solvent gave crude 1-methyl-4-methylaminopiperidine as a colourless oil (1-0 g.); the 
dihydrochloride separated from methanol-ethyl acetate in needles, m. p. 252—254° (Found: C, 
41-6; H, 9-0; N, 13-3. C,H,,N,,2HCl requires C, 41-8; H, 9-0; N, 140%). 

4-(N-Ethoxycarbonyl-N-methylamino)-1-methylpiperidine (XXIX) Citrate -—1-Methyl-4- 
methylaminopiperidine dihydrochloride and ethyl chloroformate were allowed to react as 
described for 4-amino-l-methylpiperidine, and the crude product was obtained as an oil (82% 
yield) ; the citrate crystallised from propanol in colourless prisms, m. p. 153—-155° (Found: C, 
49-0; H, 7:1; N, 7-4. Cy9Hg9O,.N2,C,H,O, requires C, 49-0; H, 7-2; N, 7-2%). 

4-(N-Diethylcarbamoyl-N-methylamino)-1-methylpiperidine (XXVII) Citrate-——Prepared in 
the usual manner from 1-methyl-4-methylaminopiperidine dihydrochloride and diethyl- 
carbamoyl chloride, the crude product was an oil (80% yield); the citrate separated from 
propanol in colourless prisms, m. p. 164—165° (Found: C, 51-4; H, 7:8; N, 9-8. 
C,,H,,ON;,C,H,O, requires C, 51-5; H, 7-9; N, 10-0%). 

1-Benzyl-4-piperidone Oxime.—1-Benzyl-4-piperidone hydrochloride !* (22-6 g.) was treated 
with a solution of hydroxylamine hydrochloride (7-0 g.) in dry pyridine (70 c.c.), and the mixture 
was heated for 3 hr. on the steam-bath, a crystalline solid separating. The mixture was cooled 
in ice and 1-benzoyl-4-piperidone oxime hydrochloride (11-5 g.) was collected; recrystallisation 
from ethanol gave colourless needles, m. p. 223—225° (Found: C, 59-7; H, 7-2; N, 11-1. 
C,2.H,,ON,,HCl requires C, 59-9; H, 7-1; N, 11-6%). 

Treatment with an alcoholic solution of sodium ethoxide gave the free oxime, which separated 
from chloroform-light petroleum in needles, m. p. 126—128° (Found: C, 70-5; H, 7-9; N, 13-0. 
C,,.H,,ON, requires C, 70-6; H, 7-8; N, 13-7%). 

4-Amino-1-benzylpiperidine (XXX) Dihydrochloride—1-Benzyl-4-piperidone oxime hydro- 
chloride (9-6 g.) was converted into 4-amino-1-benzylpiperidine (6-8 g.) as described for 4-amino- 
l-methylpiperidine; the dihydrochloride separated from methanol—ethyl acetate in colourless 
plates, m. p. 275°, which appeared from the analysis to be hydrated (Found: C, 51-2; H, 7-7; 
N, 9-9. C,H, N,,2HCl1,H,O requires C, 51-2; H, 7-7; N, 10-0%). 

1-Benzyl-4-dimethylaminopiperidine Dihydrochloride—4-Amino-1-benzylpiperidine (6-8 g.) 
was treated with formaldehyde and formic acid in the usual way. Excess of concentrated 
hydrochloric acid was finally added and the mixture was taken to dryness. 1-Benzyl-4-di- 
methylaminopiperidine dihydrochloride crystallised from methanol—ethyl acetate in prisms 
(7-3 g.), m. p. 305—308° (Found: C, 57-6; H, 8-1; N, 9-6; Cl, 23-7. C,,H,.N,,2HCl requires 
C, 57-8; H, 8-3; N, 9-6; Cl, 24-4%). 

4-Dimethylaminopiperidine (XX XI) Dihydrochloride.—1-Benzyl-4-dimethylaminopiperidine 
dihydrochloride (5-8 g.) was hydrogenated in methanol (200 c.c.) at 100°/25 atm. for 20 hr. in 
presence of 5% palladised charcoal (1-5 g.). Removal of the catalyst and evaporation gave 
4-dimethylaminopiperidine dihydrochloride (3-5 g.), which separated from methanol-ethyl acetate 
in prisms, m. p. 297—298° (Found: C, 41-5; H, 8-9; N, 13-6; Cl, 35-0. C,H,,N,,2HCl 
requires C, 41-8; H, 9-0; N, 13-9; Cl, 35-3%). 

4-Dimethylamino-1-ethoxycarbonylpiperidine (XX XII).—4-Dimethylaminopiperidine dihydro- 
chloride (1-0 g.), as a slurry in dry chloroform (10 c.c.), was treated with triethylamine (1-5 g.), 
followed by ethyl chloroformate (0-55 g.), added dropwise with cooling in ice. Isolated in the 
usual way 4-dimethylamino-1l-ethoxycarbonylpiperidine was an oil (1-0 g.). The hydrochloride 
was deliquescent, but the picrate separated from dimethylformamide-ether in yellow needles, 
m. p. 128—130° (Found: C, 44-7; H, 5-3; N, 16-4. C,9H29O,N,,C,H,O,N, requires C, 44-8; 
H, 5-4; N, 16-3%). 

1-Diethylcarbamoyl-4-dimethylaminopiperidine (XX XIII).—4-Dimethylaminopiperidine di- 
hydrochloride (1-0 g.), as a slurry in dry chloroform (10 c.c.), was treated with triethylamine 
(1-5 g.), followed by diethylcarbamoyl chloride (0-68 g.). The product, isolated in the usual 
way, was an oil (1-1 g.)._ No suitable salt for characterisation was found as all those examined 
were deliquescent. Free 1-diethylcarbamoyl-4-dimethylaminopiperidine was therefore purified 
by distillation (b. p. 110—112°/0-5 mm.) (Found: C, 63-8; H, 10-9. C,.H,,ON, requires C, 
63-5; H, 11-0%). 
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620. Ready Formation of Ketals by 4-Piperidones. 
By PETER BROOKES and JAMES WALKER. 


Ready formation of ketals by 1-benzyl- and 1-n-butyl-4-piperidones is 
recorded and correiated with previous observations. 


BoL_yarRD and McELvaIN! crystallised the hydrochlorides of a series of 1l-alkyl-4- 
piperidones (alkyl = Me, Et, Pr®, Bu", CH,Bu', and CH,Ph’CH,) from alcohol-ether. The 
only analyses recorded were for chlorine, and the values for the n-butyl and phenethyl 
derivatives were considerably lower than the theoretical. ‘‘ Unusual care was exercised 
in their preparation and purification but no change in the analytical data could be 
obtained,” and the cause of the discrepancy was not found. Bolyard ? later reported the 
preparation of the hydrochlorides of 1-phenyl- and 1-benzyl-4-piperidone and observed 
that ‘‘ Both of these piperidone hydrochlorides when crystallised from an alcohol—ether 
mixture gave chlorine analyses considerably lower than the calculated value, but when 
crystallised from an acetone-ether mixture the analyses checked with the calculated 
values." The anomaly was attributed to solvation but drying had no effect on the 
analyses. Shortly afterwards Kuettel and McElvain* reported an anomalous chlorine 
content for 4-piperidone hydrochloride crystallised from alcohol-ether, and, eighteen years 
later, McElvain and McMahon,‘ repeating this preparation, concluded from the behaviour 
of the substance on attempted catalytic hydrogenation that it was in fact the diethyl ketal 
hydrochloride; they also pointed out that the chlorine figure obtained previously + for the 
hydrochloride of 1-phenethyl-4-piperidone corresponded to that of the hydrochloride of the 
diethyl] ketal. 

As 1-benzyl-4-piperidone was required as an intermediate in the work described in the 
preceding communication, it was prepared by Bolyard’s method.? The crude hydro- 
chloride did not immediately crystallise satisfactorily from acetone-ether, and was there- 
fore crystallised first from ethanol-ether and then twice from acetone-ether. The product 
had m. p. 172—173°, compared with the m. p. 159—161° quoted by Bolyard ? for the 
1-benzylpiperidone hydrochloride for which he had obtained a correct chlorine analysis. 
It gave no oxime and had no infrared absorption band in the carbonyl-stretching region. 
It was, in fact, the diethyl ketal hydrochloride, as shown by a complete elementary 
analysis and an ethoxyl determination. Hydrolysis with 3Nn-hydrochloric acid and 
evaporation to dryness gave a product of m. p. 156—158°, showing a strong infrared band 
at 1725 cm.-!, and giving 1-benzyl-4-piperidone oxime on treatment with hydroxylamine 
hydrochloride in pyridine. Unfortunately Bolyard? gave no details of the compounds 
which he thought were l-phenyl- and 1-benzyl-piperidone hydrochlorides containing 
alcohol of crystallisation but there can be little doubt that they too were ketals formed on 
recrystallisation of the crude products, still containing traces of hydrogen chloride, from 
alcohol-ether. 

McElvain and McMahon £ have already noted that the chlorine figure (11-49%) recorded 
previously ! for 1-phenethyl-4-piperidone hydrochloride corresponded with that (11-32%) 
required for the diethyl ketal hydrochloride, but the chlorine figure (14-62%) reported ? for 
the reputed 1-n-butyl-4-piperidone hydrochloride, m. p. 178—180°, is closer to that (14-9%) 
required for the dimethyl ketal hydrochloride than to that (13-4%) required for the diethyl 
ketal hydrochloride. The following experiments seem to show that the substance of m. p. 
178—180° reported by Bolyard and McElvain ! may have, in fact, been the dimethyl ketal 
hydrochloride. When 1-n-butyl-3-ethoxycarbonyl-4-piperidone was hydrolysed with 20% 

1 Bolyard and McElvain, J. Amer. Chem. Soc., 1929, 51, 922. 

2 Bolyard, ibid., 1930, 52, 1030. 

3 Kuettel and McElvain, ibid., 1931, 58, 2692. 


4 McElvain and McMahon, ibid., 1949, 71, 901; cf. Dickerman and Lindwall, J. Org. Chem., 1949, 
14, 532. 
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hydrochloric acid and the solution was taken to dryness, crystallisation of the crude 
product from ethanol-ether gave a solid of m. p. 160—165°; two further recrystallisations 
from the same solvent mixture gave a product of m. p. 194°, which showed a strong infrared 
band at 1735 cm.-! and gave correct analyses for 1-n-butyl-4-piperidone hydrochloride. 
If, however, the once crystallised material of m. p. 160—165° was recrystallised from 
ethanol-ether containing a trace of hydrogen chloride the product had m. p. 169—171°, 
showed no infrared absorption in the carbonyl-stretching region, and gave analyses for the 
diethyl ketal hydrochloride. The m. p. of this authentic diethyl ketal hydrochloride was 
18° lower than that recorded by Bolyard and McElvain for their compound, but, when 
1-n-butyl-4-piperidone hydrochloride was boiled with methanol containing hydrogen 
chloride, the resulting dimethyl ketal hydrochloride had m. p. 176—179°, bearing favour- 
able comparison with the m. p. recorded by Bolyard and McElvain ' for their compound. 

A number of stereochemical and polar factors are obviously concerned in the ease of 
formation and stability of 4-piperidone ketals. 1-n-Butyl-4-piperidone diethyl ketal 
hydrochloride was converted into 1-n-butyl-4-piperidone hydrochloride under conditions of 
recrystallisation to which 1-benzyl-4-piperidone diethyl ketal hydrochloride appeared to be 
stable and 1-n-butyl-4-piperidone dimethyl ketal hydrochloride was stable to normal 
recrystallisation from methanol-ether as well as from ethanol-ether. It may be noted 
that Noller and Baliah * prepared a series of twenty substituted 4-piperidones and crystal- 
lised the hydrochlorides of the majority from alcohol-containing solvents without finding a 
low chlorine content on analysis, yet Nazarov, Sokolov, and Rakcheeva ® observed that on 
formation of the picrate of 2: 5-dimethyl-4-piperidone in hot methanolasubstantial proportion 
of the picrate of the corresponding dimethy] ketal was also obtained, while Cardwell 7 noted 
that quaternisation of l-ethyl-4-piperidone with methyl iodide in methanol affords the 
dimethyl ketal of the quaternised product in quantitative yield, although quaternisation 
proceeded without ketal formation in isopropyl alcohol.® 


EXPERIMENTAL 


Infrared light absorption measurements were made on pressed potassium chloride discs ; 
data are recorded for the region 2000—650 cm."}. 

1-Benzyl-4-piperidone Diethyl Ketal Hydrochloride.—1-Benzyl-3-ethoxycarbonyl-4-piperidone 
hydrochloride (24 g.) was dissolved in 20% hydrochloric acid and boiled under reflux for 2 hr. 
The solution was taken to dryness under reduced pressure and the crude product (23-4 g.) was 
crystallised from ethanol-ether. Further recrystallisation from acetone—ether afforded 1-benzyl- 
4-piperidone diethyl ketal hydrochloride as colourless plates, m. p. 172—173° (Found : C, 64-2; H, 
8-6; N, 4-8; Cl, 11-8; EtO, 29-3. C,,H,,;O,N,HCl requires C, 64:1; H, 8-7; N, 4-7; Cl, 11-9; 
2EtO, 30-0%), vmax. 1505, 1483(m), 1455(m), 1440(s), 1425(m), 1390(m), 1375(m), 1365(m), 1345, 
1320(m), 1300, 1285(m), 1265, 1245(m), 1220(m), 1160(s), 1150(s), 1125(s), 1110(s), 1100(s), 
1080—1075(s), 1060(s), 1050(s), 1035(s), 1010(s), 985(s), 970(s), 945(m), 930(m), 920(m), 885, 
880(m), 785, 740(s), 690(s) cm.-?. 

1-Benzyl-4-piperidone Hydrochloride.—1-Benzyl-3-ethoxycarbonyl-4-piperidone hydro- 
chloride (33 g.) was heated as above with 20% hydrochloric acid (150 c.c.) for 2 hr. 
The solution was taken to dryness under reduced pressure and the crude solid was taken up in 
water (50 c.c.). The solution was rendered strongly alkaline with excess of 50% aqueous 
sodium hydroxide and extracted with ether (3 x 100 c.c.). The ethereal solution was dried 
(Na,SO,) and saturated with dry hydrogen chloride. The precipitated 1-benzyl-4-piperidone 
hydrochloride (22 g.) separated from acetone-ether in plates, m. p. 158—160°, vax, 1725(s), 
1500, 1460(s), 1420—1410(m), 1375, 1345(m), 1330(m), 1240, 1215(m), 1200(m), 1150(m), 
1110(m), 1085(m), 1045(m), 1010(m), 985(m), 970(m), 940, 920, 755(m), 745(m), 700(s) cm."?. 

1-Benzyl-4-piperidone hydrochloride was also obtained by warming 1-benzyl-4-piperidone 

5 Noller and Baliah, J. Amer. Chem. Soc., 1948, 70, 3853. 

® Nazarov, Sokolov, and Rakcheeva, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1954, 80; 
Chem. Abs., 1955, 49. 6250. 
* Cardwell, J., 1950, 1059. 
® Cardwell and McQuillin, J., 1949, 708. 
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diethyl ketal hydrochloride with 3N-hydrochloric acid, evaporation of the solution to dryness, 
and crystallisation of the residue from acetone—ether. 

1-n-Butyl-4-piperidone Diethyl Ketal Hydrochloride.—This substance was prepared by a 
procedure analogous to that described above for 1-benzyl-4-piperidone diethyl ketal hydro- 
chloride, but the final product was crystallised from ethanol-ether containing a drop of saturated 
ethanolic hydrogen chloride. 1-n-Butyl-4-piperidone diethyl ketal hydrochloride separated in 
plates, m. p. 169—171° (Found: C, 58-6; H, 10-6; Cl, 13-1; EtO, 32-3. C,,H,,0,N,HCI 
requires C, 58-9; H, 10-5; Cl, 13-4; 2EtO, 33-9%), vmax. 1485(m), 1465(s), 1455(s), 1430(m), 
1410, 1395—1380(m), 1370(m), 1350, 1330, 1310, 1285, 1270, 1235(m), 1220(s), 1175(s), 1165(s), 
1125(s), 1100(s), 1065(s), 995, 975(s), 960(s), 895, 880(m), 795 cm."?. 

1-n-Butyl-4-piperidone Hydrochloride.—The method described by Bolyard and McElvain was 
followed but the ethereal solution of the crude 1-n-butyl-4-piperidone was dried and 
fractionated, affording an oil, b. p. 11I—114°/15 mm. An ethereal solution of the pure base 
was saturated with dry hydrogen chloride, and the precipitated hydrochloride was thoroughly 
washed with ether to remove excess. Recrystallisation from ethanol-ether then gave 1-n- 
butyl-4-piperidone hydrochloride as colourless prisms, m. p. 194—196° (Found: C, 56-2; H, 9-8; 
N, 7-5; Cl, 18-6. C,H,,ON,HCI requires C, 56-4; H, 9-4; N, 7-3; Cl, 18-6%), vmax. 1735(s), 
1480(m), 1465(s), 1410(s), 1385(m), 1330(m), 1220(m), 1205(s), 1165, 1145, 1120, 1100(m), 
1060(m), 1050(m), 970, 940 cm.}. 

1-n-Butyl-4-piperidone Dimethyl Ketal Hydrochloride.—1-n-Butyl-4-piperidone hydrochloride 
(0-2 g.) was dissolved in the minimum volume of methanol, and a drop of saturated methanolic 
hydrogen chloride was added. The solution was boiled under reflux for 2—3 min., and addition 
of ether precipitated 1-n-butyl-4-piperidone dimethyl ketal hydrochloride (0-21 g.), which separated 
from methanol-ether or from ethanol-ether in needles, m. p. 176—179° (Found: C, 55-2; H, 
9-9; N, 6-0; MeO, 25-0. C,,H,,0,N,HCl requires C, 55:7; H, 10-1; N, 5-7; 2MeO, 26-1%), 
Vmax. 1455(m), 1435(m), 1380(m), 1350, 1340, 1310, 1285, 1275, 1240, 1230, 1185(m), 1170(m), 
1125(s), 1065(s), 1045(s), 985(m), 935(m), 920(s) cm.. 

NaTIoNAL INSTITUTE FOR MEDICAL RESEARCH, 

THE RipGeway, Mitt Hiri, Lonpon, N.W.7. | Received, March 4th, 1957.) 





621. IJndoles. Part V.* The Fischer Cyclisation of Some 
meta-Substituted Arylhydrazones. 


By D. W. OcKENDEN and K. SCHOFIELD. 


New examples of the above reaction have been examined. It is concluded 
that substituents which, in electrophilic substitution, are ortho-para-directing 
produce a preponderance of 6- over 4-substituted indoles. The reverse is 
usually true of meta-directing groups. The similarity to the Skraup reaction 
and to common electrophilic substitution is pointed out. 


In Parts 1} and II ? the paucity of information about the direction of cyclisation of meta- 
substituted arylhydrazones in the Fischer indole synthesis (I —» II + III) was noted. 
The evidence therein described established the ratios of products (II : III) in the cyclisation 
of the nitro-compounds (I; R’ = NO,) where R = R’ = Me or Ph, and R = Me and 
R’ = Et or Ph. In the present paper we describe further experiments along these lines. 

We used arylhydrazones only of ethyl methyl ketone and of deoxybenzoin in order 
that the same chain of atoms should be involved in ring-closure in each series. We hoped 
that the boron trifluoride etherate-acetic acid reagent * would be widely applicable so 
that the various cyclisations might have been effected under similar homogeneous con- 
ditions. The para-substituted arylhydrazones were first cyclised in an attempt to establish 


* Part IV, J., 1953, 3440. 

* Schofield and Theobald, /., 1949, 796. 
2 Idem, J., 1950, 1505. 

* Snyder and Smith, J. Amer. Chem. Soc., 1943, 65, 2452. 
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conditions for use with the meta-substituted compound. However, the yield in one series 
only occasionally paralleled that in the other (see Experimental section). 


uM“ 


R’ R/ 
” | + a” | 
R e R R 
NH-N=CR-CH,R’ o N 


N H 
(I) (II) (IIT) 


Ethyl methyl ketone f-nitrophenylhydrazone was cyclised by boron trifluoride with 
only moderate success, but the meta-isomer gave a good yield of mixed indoles which were 
separated chromatographically. Fairly similar yields were obtained with derivatives of 
deoxybenzoin. Ethyl methyl ketone -chlorophenylhydrazone was also satisfactorily 
cyclised by boron trifluoride, but from the meta-chloro-compound only a fair yield of 
6-chloro-2 : 3-dimethylindole was obtained, together with a small quantity of what may 
have been a geometrical isomer of the original hydrazone (cf. Snyder and Smith %)._ Whilst 
deoxybenzoin -chlorophenylhydrazone was very efficiently cyclised, the meta-chloro- 
compound gave only a fair yield of 4-chloro-2 : 3-diphenylindole. 

High yields of indoles were obtained from ethyl methyl ketone and deoxybenzoin 
p-tolylhydrazones,‘ but in both cases the results with the meta-isomers were disappointing, 
only small yields of 2 : 3 : 6-trimethyl- and 6-methyl-2 : 3-diphenyl-indole being isolated ; 
in each case minor yields of impure oils were obtained which very probably were the 
alternative isomers; this is especially likely with the cyclisation of deoxybenzoin m-tolyl- 
hydrazone, for since our experiments Coldham, Lewis, and Plant > have demonstrated 
the formation of both indoles from this compound. It appears from their description 
that 4-methyl-2 : 3-diphenylindole does not form a stable picrate, the derivative by which 
we attempted to characterise our product. 

Attempts to cyclise ethyl methyl ketone p-methoxyphenylhydrazone usually gave 
intractable tars, but 5-methoxy-2 : 3-dimethylindole was obtained in reasonable yield by 
stirring #-methoxyphenylhydrazine hydrochloride and the ketone with dilute acetic 
acid. The method was less successful with the meta-isomer, about 25% of one of the 
expected indoles being isolated and the presence of the other demonstrated. Similar 
results were obtained with deoxybenzoin derivatives. 

The identification of the isomeric 4- and 6-substituted indoles formed in these experi- 
ments depended on their oxidation to derivatives of o-aminoacetophenone. The method 
failed with the methoxy-compounds, which with ozone gave tars. 

The results of cyclisations of meta-substituted arylhydrazones examined in this series 
of papers, and of other relevant examples, are given in the Table annexed. 

Clearly, in the Fischer indole synthesis substituents which in electrophilic aromatic 
substitution are strongly ortho-para-directing produce a ratio (II) : (III) (7.e., an o : # ratio) 
smaller than unity. This is in line with the probable mechanism ? of the cyclisation as an 
intramolecular electrophilic substitution. It would then be expected that a meta- 
directing group in an arylhydrazone (R” in I) would direct cyclisation predominantly 
ortho to itself (—+» II), for meta-directing groups have been long known to be better 
described as meta-ortho-directing.* Branch and Calvin ® have given a qualitative explan- 
ation of this. It will be seen from the Table that in the Fischer synthesis the nitro- and the 
carboxyl-group do (with two exceptions) produce a ratio (II) : (III) greater than one. 

* Ockenden and Schofield, J., 1953, 612. 

5 Coldham, Lewis, and Plant, J., 1954, 452s. 

* D.R.P. 574,840/1933. 

7 Carlin, J. Amer. Chem. Soc., 1952, 74, 1077. 

_ § Holleman, “ Die direkte Einfiihrung von Substituenten in der Benzolkern,’’ Leipzig, 1910; 
Chem. Rev., 1924, 1, 187; J., 1949, 463; Kleene, J. 4mer. Chem. Soc., 1949, 71, 2259; Kobe and Levin, 
Ind. Eng. Chem., 1950, 352. 

* Branch and Calvin, “‘ The Theory of Organic Chemistry,”’ Prentice-Hall Inc., New York, 1945. 
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The exceptions are the cyclisations of ethyl methyl ketone and methyl] »-propyl ketone 
m-nitrophenylhydrazone with hydrochloric acid, which produce a preponderance of the 
6-nitroindoles. This might be a steric phenomenon, for the deoxybenzoin derivative 
behaves normally. However, by cyclising (I; R = R’ = Me, R” = NO,) with boron 


Cyclisation of meta-substituted phenylhydrazones, (1) — (II) + (III). 


Hydrazone (1) Ratio (II) : (III) 
yy Ee ——— - — | ae - —_ —-~— = - ene | ~<a 
R R’ R” HCl or ACOH-HCI_ BF,-AcOH ZnCl, Others 
Me Me NO, 0-6 1-3 
Be Me Only (IIT) Only (III) 
"= - Cl ss Only (111) 
Ph Ph NO, 2-0 2-0 
Me ? ca. 0-45 
i Cl Only (IT) Only (II) 
-(CH, i NO, 1-04 
- CO,H 2-76 
-(CH,],- NO, 3-0¢ 
CO,H CH,°CO,H OMe Only (IIT) 4 
Ph H Me Only (ITI) 
CO,Et CH,°CO,Et CO,Et 1-5¢ 
Me Ph NO, Only (IT) 
” Et a 0-3 
* Barclay and Campbell, /., 1945, 530. % Moggridge and Plant, | 1937, 1125. °¢ Plant and 


Whitaker, j., 1940, 283. ¢ Kermack, Perkin, and Robinson, J.,- 1921, 1602. * Koelsch, J. Org. 
Chem., 1943, 8, 295. / See ref. 5. 


trifluoride the usual preponderance of the 4-nitroindole was restored, a reagent effect not 
previously observed. The electronic influence of R” in (I) might generally become of 
secondary importance in cases where R’ is a bulky alkyl group. Alternatively, the 
acidity of the cyclisation medium may be the important factor.?® 

With the data available it seems that the Fischer synthesis shows the same general 
characteristics as those previously observed for the Skraup reaction,’ and, to a more 
limited extent, the Doebner—Miller and Conrad-Limpach cyclisation.12 In the Skraup 
reaction the relatively weakly ortho-para-directing halogen groups produce mixtures of 
5- and 7-substituted quinolines, the latter predominating. In the Fischer synthesis 
halogen substituents can lead to either 4- or 6-substituted indoles. 


EXPERIMENTAL 


Cyclisations with the boron trifluoride-ether complex were effected by refluxing the reactants 
for 3 hr., filtering the hot solution, washing the boron trifluoride-ammonia complex with hot 
acetic acid, and evaporating the filtrate. 

Some of the compounds gave bad analyses, probably owing to instability. 

Arylhydrazones.—Except where stated, these were obtained by heating the respective ketone 
and arylhydrazine together in equivalent amounts at 95° for 1 hr. The products were dried 
(Na,SO,) in ether, and after removal of the solvent were used immediately. 

2 : 3-Dimethyl-5-nitroindole—Ethyl methyl ketone p-nitrophenylhydrazone (1-0 g.), glacial 
acetic acid (10 c.c.), and boron trifluoride-ether complex (0-69 g.) gave the desired material 
(0-46 g., 50%; m. p. 183—185°). Longer reaction times and excess of the reactant did not 
improve the yield. 

2 : 3-Dimethyl-4- and -6-nitroindole.—A mixture of 4- and 6-nitro-2 : 3-dimethylindole (73%) 
was obtained from the m-nitrophenylhydrazone (10 g.), acetic acid (100 c.c.), and boron tri- 
fluoride—ether (6-9 g., 1 equiv.). A filtered solution of the crude residue (7-4 g.) in benzene 


10 Hammond, Modic, and Hedges, J. Amer. Chem. Soc., 1953, 75, 1388. 
11 Bradford, Elliott, and Rowe, J., 1947, 437. 
12 Spivey and Curd, J., 1949, 2656. 
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(350 c.c.) was adsorbed on alumina (60 cm. x 3-5 cm.), and the adsorbate developed with 
benzene until separation into a lower, orange band and an upper, red band occurred. Elution 
with benzene gave pure red prisms of 2 : 3-dimethyl-4-nitroindole (3-76 g.; m. p. 171—173°), 
while washing out the upper layer with benzene—pyridine (10:1) gave pure 2: 3-dimethyl-6- 
nitroindole (2-94 g.; m. p. 139—141°). The intermediate fraction was negliglble. 

Bz-Nitro-2 : 3-diphenylindoles—Deoxybenzoin m-, m. p. 155—157° (77%), and p-nitro- 
phenylhydrazone, m. p. 158—160° (73%), were obtained by heating the ketone and corre- 
sponding hydrazine in equivalent amounts at 135° for } hr. and recrystallising the products 
from alcohol. 

5-Nitro-2 : 3-diphenylindole-—Deoxybenzoin p-nitrophenylhydrazone (1-0 g.), acetic acid 
(10 c.c.), and boron trifluoride—ether (0-43 g.) gave the indole (0-47 g., 50%; m. p. 198—200°). 
Longer reaction times and excess of the reagent did not improve the yield. 

4- and 6-Nitro-2 : 3-diphenylindole—A mixture of 4- and 6-nitro-2 : 3-diphenylindole (60%) 
was obtained from deoxybenzoin m-nitrophenylhydrazone (10 g.), acetic acid (100 c.c.), and 
the boron trifluoride reagent (4-3 g.). A filtered solution of the crude mixture (7-7 g.) in benzene 
(350 c.c.) was chromatographed as before. The lower orange band was eluted with benzene 
(3-86 g.; m. p. 198—203°), and the upper red layer washed out with acetone—benzene (1: 1) 
(2-28 g., m. p. 190—200°; and 0-97 g., m. p. 140—165°). The intermediate fraction was 
negligible. The first fraction crystallised from benzene, giving orange plates of 4-nitro-2 : 3- 
diphenylindole (3-2 g.; m. p. 203—205°). The second fraction crystallised from ethanol, and 
gave dark brown plates of 6-nitro-2 : 3-diphenylindole (1-93 g.; m. p. 225—227°). The mother- 
liquors were evaporated, and the residue dissolved in benzene and readsorbed on alumina 
(40 x 2cm.). Working up as before gave 4-nitro-2 : 3-diphenylindole (0-54 g.; m. p. 200— 
203°) and very crude 6-nitro-2 : 3-diphenylindole (0-31 g.; m. p. 140—160°). 

5-Chloro-2 : 3-dimethylindole.—(a) Ethyl methyl ketone ~-chlorophenylhydrazone (0-77 g.) 
was treated gradually with powdered anhydrous zinc chloride (1-5 g.), and the mixture was 
heated gently until a moderate reaction set in. After 5 min. the mixture solidified, and the 
product was then extracted with ether. Concentration of the dried extract and addition of 
light petroleum (b. p. 40—60°) gave the substantially pure indole (0-36 g., 52%; m. p. 139— 
141°). 5-Chloro-2 : 3-dimethylindole formed white, glistening plates, m. p. 141—142° (Found : 
C, 67-0; H, 5-7. C, 9H, )NCl requires C, 66-8; H, 5-6%), from the same solvent. 

(6) The hydrazone (0-83 g.), acetic acid (85 c.c.), and boron trifluoride—ether (0-65 g.) gave a 
sticky product which crystallised from ether—light petroleum (charcoal), providing the indole 
(0-50 g., 65%; m. p. 138—140°). 

6-Chloro-2 : 3-dimethylindole-——The crude product from ethyl methyl ketone m-chloro- 
phenylhydrazone (1-71 g.), acetic acid (20 c.c.), and boron trifluoride—ether (1-33 g.) was passed 
in benzene over an alumina column (50 x 2:5cm.). Apart from small amounts of intractable 
oils, only one product (0-89 g. of sticky solid) was isolated. Crystallisation of this from ether— 
light petroleum furnished the indole (0-52 g.; m. p. 164—166°). 6-Chloro-2 : 3-dimethylindole 
formed white leaflets, m. p. 166—167° (Found: C, 66-2; H, 5-7%). 

Further elution of the column provided a small amount (0-10 g.) of a sticky product which 
on crystallisation from dilute alcohol furnished brown needles of a substance, m. p. 222—224° 
(Found: C, 61-8; H, 5-4. C,9H,,N,Cl requires C, 61-0; H, 5-3%). 

On ozonisation in ethyl acetate and in acetic acid, 6-chloro-2 : 3-dimethylindole gave 43% 
and 47% respectively of 2-acetamido-4-chloroacetophenone, m. p. 150—152°, alone and mixed 
with authentic material." 

5-Chloro-2 : 3-diphenylindole-——The product from deoxybenzoin p-chlorophenylhydrazone 
(1-5 g.), acetic acid (15 c.c.), and boron trifluoride-ether (0-7 g.) gave the almost pure indole 
(1-27 g., 90%; m. p. 128—130°) when crystallised from ethanol. 5-Chloro-2 : 3-diphenylindole 
separated as fawn prisms, m. p. 130—131° (Found: C, 78-4; H, 4-8. C, 9H,,NCl requires 
C, 79-1; H, 46%), from this solvent. 

4-Chloro-2 : 3-diphenylindole-—(i) The benzene solution of the crude product from deoxy- 
benzoin m-chlorophenylhydrazone (2-2 g.), acetic acid (20 c.c.), and boron trifluoride—ether 
(1-0 g.) when passed through alumina (50 x 2-5 cm.) gave two main fractions (0-84 and 0-35 g., 
oily solids). Two crystallisations of each fraction from ether—light petroleum furnished the 
same product (0-78 g. total, 37%; m. p. 165—167°). 4-Chloro-2 : 3-diphenylindole formed 


13 Atkinson and Simpson, J., 1947, 232, 
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white plates, m. p. 168—170° (Found: C, 78-4; H, 4-8%). 
could be isolated. 

(ii) The hydrazone (1-0 g.) and powdered anhydrous zinc chloride (2-0 g.) were warmed 
gently until reaction started. After 20 min. the cool mixture was extracted with benzene. 
Resolution of the concentrated solution as above provided a sticky main product (0-5 g.), which 
on crystallisation from ether-—light petroleum (b. p. 40—60°) furnished the same product (0-21 g.; 
m. p. 165—169°) in 22% yield. 

2:3: 6-Trimethylindole-——(a) The reaction solution from ethyl methyl ketone m-tolyl- 
hydrazone (7-0 g.), boron trifluoride—ether (6-0 g., 1-1 mol.), and acetic acid (70 c.c.) was concen- 
trated, basified with ammonia solution, and extracted with benzene. The dried (Na,SO,) 
solution was concentrated and passed over alumina (60 x 3-5cm.). Development with benzene 
showed one very light brown band which was eluted with benzene, giving an oily solid (5-0 g.). 
Further elution with benzene gave a small yield of a further dark oil (1-95 g.). The major 
product was distilled, yielding a sticky solid (4-0 g., 63%; b. p. 170—180°/9 mm.). Several 
crystallisations from aqueous alcohol gave plates of 2: 3: 6-trimethylindole, m. p. 117—118° 
(Found: C, 81-8; H, 8-1. Calc. for C,,H,;,;N: C, 82-9; H, 8-2%). The picrate, formed in 
alcohol, crystallised in dark red-brown needles (Found: C, 52-7; H, 3-9. Calc. for 
C,,H,3N,C,H,O,N,: C, 52-6; H, 4:15%), m. p. 153—155°, from aqueous methanol. 

The second fraction from the column was also distilled (1-5 g.; b. p. 170—180°/9 mm.) but 
treatment of this product with picric acid gave only amorphous black solids. 

(b) m-Tolylhydrazine hydrochloride (2-86 g.), ethyl methyl ketone (1-36 g.), and 10% acetic 
acid (50 c.c.) were stirred rapidly at 95° for 2hr. On cooling, the solid was collected and crystal- 
lised twice from aqueous alcohol, yielding 2:3: 6-trimethylindole (0-51 g., 18%; m. p. 
115—118°). 

Proof of the structure of this compound has already been given.‘ 

5-Methyl-2 : 3-diphenylindole-——The crude product from deoxybenzoin -tolylhydrazone 
(5 g.), boron trifluoride—ether (2-36 g., 1-1 mol.), and acetic acid (50 c.c.) crystallised from aqueous 
alcohol, yielding white needles (3-85 g., 82%), m. p. 148—150°. 

By heating the hydrazone (5 g.) with concentrated hydrochloric acid (50 c.c.) at 95° for 4 hr., 
and crystallising the product from aqueous alcohol, the same compound (3-40 g., 73%; m. p. 
149—150°) was obtained. 5-Methyl-2 : 3-diphenylindole crystallised from aqueous alcohol, in 
which it exhibits a deep blue fluorescence, in opaque needles, m. p. 150—151° (Found : C, 90-2; 
H, 6-5. Calc. for C,,H,,N: C, 89-0; H, 6-1%). 

6-Methyl-2 : 3-diphenylindole—The hot solution from deoxybenzoin m-tolylhydrazone 
(8-0 g.), acetic acid (80 c.c.), and boron trifluoride—ether (3-8 g., 1-05 mol.) was filtered and 
concentrated. Last traces of acetic acid were removed in vacuo, giving a dark oil (7-0 g.). This, 
in benzene (300 c.c.), was passed over alumina (60 x 3 cm.). Development with benzene 
yielded two very pale green bands, the lower of which was eluted with benzene, giving a light 
brown oil (4:19 g.). Further, prolonged elution with benzene gave a small yield of another, 
dark oil (0-88 g.). The major product was distilled, yielding a yellow oil (2-3 g., 31%; b. p. 
240—260°/7 mm.) which set to a yellow glass, m. p. 70—80°. With picric acid in ethanol this 
gave a picrate (m. p. 155—165°) which separated from alcohol in red-brown needles, m. p. 
167—169° (Found: C, 63-0; H, 4-6. Calc. for C,,H,;,N,CgH,;O,N,;: C, 63-3; H, 3-9%), 
alone and mixed with a specimen prepared as described below or with a specimen of 6-methyl- 
2: 3-diphenylindole picrate.14 The minor fraction, probably crude 4-methyl-2 : 3-diphenyl- 
indole, gave no picrate. 

Treatment of the hydrazone (2-0 g.) with acetic acid (40 c.c.) and hydrochloric acid (30 c.c.) 
under reflux for 3 hr., with subsequent basification and ether-extraction, likewise gave an oil 
(1-8 g.). Purification as above gave a major product (0-9 g.) and a minor one (0-27 g.). With 
? picric acid the former gave the picrate (0-7 g.; m. p. 162—164°) corresponding to a yield of 
21% of 6-methyl-2 : 3-diphenylindole. The second fraction, as before, gave no derivative. 

5-Methoxy-2 : 3-dimethylindole——When ethyl methyl ketone -methoxyphenylhydrazone 
(2-15 g.), boron trifluoride—ether (1-8 g.), and acetic acid (22 c.c.) were refluxed 3 hr. no ammonia-— 
boron trifluoride complex separated. The solvent was removed and the dark sticky solid 
crystallised from ether-—light petroleum (b. p. 40—60°). The product which crystallised in 
fawn plates, m. p. 127—128° (Found: C, 65-8; H, 6-8%), from the same solvent, was probably 
a boron trifluoride complex. 

M4 Ritchie, J. Proc. Roy. Soc. New South Wales, 1946, 80, 33. 
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p-Methoxyphenylhydrazine hydrochloride (8-5 g.), ethyl methyl ketone (3-6 g.), and 10% 
acetic acid (70 c.c.) were stirred at 95° for 2 hr. The solid which separated on cooling was 
crystallised from alcohol (5-3 g., 60%; m. p. 108—110°). The reported * m. p. is 114—115°. 

6- and 4-Methoxy-2 : 3-dimethylindole.—m-Methoxyphenylhydrazine hydrochloride (2-1 g.), 
ethyl methyl ketone (0-9 g.), and 10% acetic acid (20 c.c.) were stirred rapidly at 95° for 2 hr. 
The solid (1-09 g.; m. p. 95—110°) which separated on cooling was crystallised twice from 
benzene-light petroleum (b. p. 60—80°), giving the main product (0-51 g.; m. p. 136—138°) 
in 25% yield. Impure 6(or 4)-methoxy-2 : 3-dimethylindole separated in white flakes, m. p. 
137—138° (Found: C, 73-9; H, 7-3. C,,H,,ON requires C, 75-5; H, 7-5%). The action of 
ozone on this compound gave a dark uncrystallisable oil. The picrate, formed in ethanol, 
had m. p. 131—132°. 

Treatment of the crystallisation mother—liquors from the above indole with picric acid 
(0-6 g.) in benzene gave, on concentration, a second picrate (0-2 g.; m. p. 162—165°). Several 
recrystallisations from methanol provided 4(or 6)-methoxy-2 : 3-dimethylindole picrate, m. p. 
162—165° (Found: C, 50-6; H, 4-2. C,,H,,;0N,C,H,O,N, requires C, 50-5; H, 40%), as 
small, dark brown needles. 

5-Methoxy-2 : 3-diphenylindole.—As above, the reaction between deoxybenzoin p-methoxy- 
phenylhydrazone (3-45 g.), boron trifluoride—ether (1-73 g.), and acetic acid (35 c.c.) produced 
no ammonia~boron trifluoride. The solvent was removed and the resulting dark oil (2-95 g.) 
was taken up in benzene. After addition of light petroleum (b. p. 60—80°), the slightly cloudy 
solution slowly deposited a yellow crystalline product (0-2 g.; m.p. 117—120°). Several crystal- 
lisations from benzene-light petroleum (b. p. 60—80°) raised the m. p. to 122—124° (Found : 
C, 80-3; H, 5-5%). 

The same hydrazone (1-0 g.), alcohol (20 c.c.), and concentrated hydrochloric acid (20 c.c.) 
were refluxed for 4 hr. After most of the solvent had been removed, the solution was poured 
into a large volume of water which was extracted with ether, dried (Na,SO,), and concentrated. 
Crystallisation of the crude oily product twice from benzene-light petroleum (b. p. 60—80°) 
gave satisfactory material (0-2 g.; m. p. 150—154°, 21%). 5-Methoxy-2 : 3-diphenylindole 
separated from benzene-light petroleum (b. p. 60—80°), in which it showed a very intense blue 
fluorescence, as small crystals, m. p. 155—156° (Found: C, 83-8; H, 5-6. C,,H,,ON requires 
C, 84:2; H, 5-7%). 

m-Methoxyphenylhydrazine hydrochloride (5-0 g.), deoxybenzoin (5-5 g.), and 10% acetic 
acid (50 c.c.) were stirred at 95° for 3 hr. The sticky solid which separated on cooling crystal- 
lised from benzene—light petroleum (b. p. 60—80°), giving the indole (1-1 g., 138%; m. p. 
155—158°). 

6(or 4)-Methoxy-2 : 3-diphenylindole-—Deoxybenzoin m-methoxyphenylhydrazone (0-89 g.), 
alcohol (10 c.c.), and concentrated hydrochloric acid (10 c.c.) were refluxed for 3 hr. The 
solvent was removed, the solution was basified with ammonia, and the product extracted with 
benzene. The dried (Na,SO,) benzene extract was concentrated, light petroleum (b. p. 60—80°) 
added, and the crude indole (0-35 g.; m. p. 196—200°) collected. One more crystallisation 
gave satisfactory material (0-27 g., 32%; m. p. 204—207°). 6(or 4)-Methoxy-2 : 3-diphenyl- 
indole, crystallised from benzene-light petroleum (b. p. 60—80°), had m. p. 206—207° (Found : 
C, 84-2; H, 5-9. C,,H,,ON requires C, 84:2; H, 5-7%). 

The product from a larger-scale (10 g. of hydrazone) experiment was subjected to chromato- 
graphy on alumina. Only one, pale grey band could be seen and only one product isolated. 
Crystallisation provided the same indole, m. p. 204—207°, in the same yield. Ozonolysis 
again gave a tar. 
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622. The Synthesis of 3:4-Benzofluorene and Some of its 
Monomethyl Derivatives. 


By B. R. T. K&ENE and K. SCHOFIELD. 


Ethyl 4- and 5-methyl-1-8-naphthylmethyl-2-oxocyclohexanecarboxylate 
have been cyclised with good. yields to ethyl 6:7: 8: 13-tetrahydro-6- 
and -7-methyl-3 : 4-benzofluorene-13-carboxylate respectively. These were 
dehydrogenated to the methyl-3:4-benzofluorenes. 2-8-Naphthylmethyl- 
and 3-methyl-2-6-naphthylmethyl-cyclohexanone likewise gave 5: 6:7: 8- 
tetrahydro- and 5:6: 7: 8-tetrahydro-8-methyl-3 : 4-benzofluorene, and 
thence 3 : 4-benzofluorene and 8-methyl-3 : 4-benzofluorene. 5-Methyl-3 : 4- 
benzofluorene could not be obtained by either method. 


ORCHIN and FRIEDEL ! commented on certain characteristics of 3 : 4-benzofluorene and 
suggested that strain is caused by hydrogen overlap between positions 4’ and 5. Such 
strain would obviously be increased by the substitution of methyl groups at these positions, 
and would become considerable in naphtho(2’ : 1’-3 : 4)fluorene (I) and its homologues. 
The two series of compounds would represent limiting cases of molecular overcrowding 
studied by Newman and Wheatley ? in the 3 : 4-benzophenanthrene group. 

Accordingly, we sought to develop a synthesis of methyl-3 : 4-benzofluorenes which 
would provide in the first instance 5-methyl-3 : 4-benzofluorene and would be applicable 
to the naphtho(2’ : 1’-3: 4)fluorenes. Only 6-,3-4 8-45 and 9-methyl-3 : 4-benzofluorene ® 
have been described hitherto, and the methods used for the first two of these were not 
satisfactory. The reactions described in this paper provided satisfactory routes to 6-, 7-, 
and 8-methyl-3 : 4-benzofluorene, but failed for the required 5-isomer. A good synthesis 
of the last-named compound will be described shortly. 

Bougault-type ? cyclisations have not often been used to construct five-membered 
rings.8 Colonge and Sibeud ® claimed good yields of tetrahydrofluorenes by treating 
2-benzylcyclohexanones with aluminium chloride or with hydrobromic-acetic acid, but 
Cook et al.8* obtained 3 : 4-benzofluorene (directly) in only 7-1% yield by boiling ethyl 
1-8-naphthylmethyl-2-oxocyclohexanecarboxylate (II; R= R’ = R” = R’”’ =H) with 
50% sulphuric acid. Catalytic dehydrogenation of the crude product did not significantly 
alter the yield. 

We re-examined the cyclisation of this ester (II; R= R’ =R” =R” =H). 
Hydrogen fluoride left it unchanged or converted it into tars, depending on the time of 
contact. Modification of the original conditions ** by adding acetic acid to produce 
homogeneity did not improve the yield of 3 : 4-benzofluorene. Concentrated sulphuric acid 
at 0° gave only sulphonated derivatives, and polyphosphoric acid gave no recognisable 
product. However, when stirred for a short time at 0° with concentrated sulphuric acid 
and benzene, the ester gave a high yield of ethyl 6:7: 8: 13-tetrahydro-3 : 4-benzo- 
fluorene-13-carboxylate (III; R = R’ = R” = R’” = H), which formed a stable orange 
picrate. Prompted by this success, we examined the cyclisation of 2-8-naphthylmethyl- 
cyclohexangne. This ketone was prepared by submitting benzyl 1-8-naphthylmethyl-2-oxo- 
cyclohexanecarboxylate, obtained from the potassium derivative of benzyl 2-oxocyclo- 
hexanecarboxylate ® and 2-bromomethylnaphthalene, to catalytic debenzylation With 
Orchin and Friedel, J. Amer. Chem. Soc., 1949, 71, 3002. 

Newman and Wheatley, ibid., 1948, 70, 1913. 
Bachmann and Deno, ibid., 1949, 71, 3062. 
Harrill, Ph.D. Thesis, 1953,. Northwestern University. 
Rapson and Shuttleworth, J., 1940, 636. ; 
Fieser and Joshel, J. Amer. Chem. Soc., 1940, 62, 957. 
Cf. Linstead, Ann. Reports, 1936, 33, 331. 
(a) Cook, Dansi, Hewett, Iball, Mayneord, and Roe, J., 1935, 1319; (b) G.P. 725,278; (c) Colonge 
and Sibeud, Bull. Soc. chim. France, 1953, 75. 
® Plieniger and Casto, Chem. Ber., 1954, 87, 1760. 
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benzene and sulphuric acid 2-8-naphthylmethylcyclohexanone gave a moderately good 
yield of 5: 6:7: 8-tetrahydro-3 : 4-benzofluorene (IV; position of double bond assumed) 
characterised as the chocolate-brown picrate. 

These reactions opened the way to the synthesis of the methyl homologues. The 
potassio-derivatives of ethyl 3-, 4-, and 5-methyl-2-oxocyclohexanecarboxylate were readily 
converted into the methyl-1-$-naphthylmethyl-2-oxocyclohexanecarboxylates (II; R’”’ = 
H; R”, R’,andR = MeorH). Thesecond and third of these cyclised smoothly, giving the 
tetrahydro-compounds (III; R = R’’ =H; R” and R’= Me or H). Like the parent 
(III; R = R’ = R” = R”’ = H) these gave orange picrates, but recrystallisation of ethyl 
6: 7:8: 13-tetrahydro-6-methyl-3 : 4-benzofluorene-13-carboxylate picrate produced a 
dark-red hemi-picrate. 

In contrast to the 4- and the 5-isomer, ethyl 3-methyl-1-8-naphthylmethyl-2-oxocyclo- 
hexanecarboxylate could not be cyclised to a structure of type (III) by any of the usual 
reagents. Sulphuric acid and benzene, acting for double the usual time, gave a poor yield 
of a product isomeric with the starting material. This substance did not form a picrate 
and gave no recognisable product upon catalytic dehydrogenation. It seems possible that 
it is a hydrate of the product of linear cyclisation (V). Such cyclisation in closely related 
cases was recently observed by Bendas and Djerassi,!° and the difficulty of angular cyclis- 
ation recalls a number of other cases 14 in which steric factors are important. Prolonged 
acid hydrolysis of this ester (II; R= Me, R’ = R” = R’”’ = H) gave 6-methyl-2-- 
naphthylmethylcyclohexanone, but this could not be cyclised under any of the conditions 
examined. 


R ‘ 
R’ oO R 
Of CH2+CioH7~ “i enh 


RY 
m COrke R” CO,Et 
(1) (II) (11) 
CO, Et 

fe) 

CL ¢oee {2 

ErO,C ; 
(IV) (v) , Me Me (VI) 


Ethyl 6-methyl-2-oxocyclohexanecarboxylate !* is not readily available. Accordingly, 
we prepared ethyl 2-methyl-3-8-naphthylmethyl-4-oxocyclohex-2-enecarboxylate from 
Hagemann’s ester (VI; R =H). Attempts to aralkylate the potassio-derivative of (VI) 
with 2-bromomethylnaphthalene in benzene-dimethylformamide appeared to cause 
extensive decomposition of the dimethylformamide (despite careful purification of this 
solvent). With the sodio-derivative of (VI) less decomposition occurred but the yield of 
the desired product was very poor. Finally, ethyl 2-methyl-3-8-naphthylmethyl-4-oxo- 
cyclohex-2-enecarboxylate (VI; R = CH,°C,)H,-8) was prepared satisfactorily from the 
sodio-derivative of (VI; R =H), obtained from sodamide in liquid ammonia,™ and 
2-bromomethylnaphthalene in toluene-ether. Alkaline hydrolysis of the product gave 

10 Bendas and Djerassi, 7. Amer. Chem. Soc., 1956, 78, 2474. 

11 Cook, Ann. Reports, 1942, 39, 171. 

12 Mukherjee and Bhattacharyya, J. Indian Chem. Soc., 1946, 23, 451. 


13 Stork and Burgstahler, J. Amer. Chem. Soc., 1951, 73, 3544. 
14 Hogg, ibid., 1948, 70, 161. 
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non-ketonic material, but acid hydrolysis provided 3-methyl-2-8-naphthylmethylcyclohex- 
2-enone, which could be readily hydrogenated to 3-methyl-2-8-naphthylmethylcyclo- 
hexanone. In the usual way the latter provided a moderately good yield of 5: 6:7: 8- 
tetrahydro-8-methyl-3 : 4-benzofluorene, characterised as its chocolate-brown picrate which 
was almost identical in appearance with the lower homologue mentioned above. 

The various tetrahydro-3 : 4-benzofluorenes so prepared were dehydrogenated to 3 : 4- 
benzofluorene and its 6-, 7-, and 8-methyl derivatives. The temperature and time of 
dehydrogenation needed careful moderation, and on the larger scale the reaction was best 
effected in boiling diphenyl. The four aromatic hydrocarbons were characterised by 
conversion into their red picrates and bright-orange trinitrobenzene complexes. The 
m. p.s of the derivatives of 6-methyl-3 : 4-benzofluorene differ substantially from those 
reported by Bachmann and Deno.* Orchin and Friedel ! commented on the stability of 
3: 4-benzofluorene picrate when compared with the dipicrates of 1 : 2- and 2 : 3-benzo- 
fluorene. We noticed, however, that 3:4-benzofluorene picrate, and more especially 
7- and 8-methyl-3 : 4-benzofluorene picrate, decomposed appreciably—in the case of the 
7-isomer rapidly enough to make accurate analysis difficult—when kept in air at room 
temperature. The trinitrobenzene complexes were stable. 

A promising approach to 8-substituted 3 : 4-benzofluorenes failed because we could not 
satisfactorily combine the potassio-derivative of dihydroresorcinol dimethyl ether with 
2-bromomethylnaphthalene. Even with a large excess of the second reagent, reaction in 
liquid ammonia gave back most of the dihydroresorcinol dimethyl ether unchanged. 
Hydrolysis of the crude reaction product provided a very low yield of 2-8-naphthylmethy]l- 
cyclohexane-1 : 3-dione. 

Rapson and Shuttleworth * obtained 3: 4-benzofluorene and 8-methyl-3 : 4-benzo- 
fluorene in very poor yields by treatimg 2-benzylidene- and 2-0-tolylidene-«-tetralone with 
phosphoric anhydride in boiling xylene. Our own experiments, and those of Colonge and 
Sibeud,* prompted us to examine a modification of this synthesis using 2-benzyl-«- 
tetralone. The latter was best prepared by hydrogenation of the benzylidene compound. 
The methods of Colonge and Sibeud * left 2-benzyl-«-tetralone unchanged, and benzene— 
sulphuric acid caused sulphonation, but phosphoric anhydride in boiling xylene gave, in 
poor yield, a mixture of three products. These were an oily hydro-3 : 4-benzofluorene (the 
analysis of which corresponded to a hexa- rather than the expected di-hydro-compound) 
and two solids, m. p.s 105° and 185°, severally. The oil readily gave 3: 4-benzo- 
fluorene when dehydrogenated. The lower-melting solid was obtained in amounts 
insufficient even for analysis, but the compound, m. p. 185°, proved to be isomeric with 
3: 4-benzofluorene. Direct comparisons were not made, but it is striking that 1 : 2-benzo- 
fluorene is reported 1° to melt at 188° or 184°, and migration of the benzyl group may well 
have occurred. 


EXPERIMENTAL 
Ethyl 5- (b. p. 117—120°/14—15 mm.; 40%), 4- (b. p. 118—120°/14 mm.; 44%) and 
3-methyl-2-oxocyclohexanecarboxylate (b. p. 110—111°/10 mm.; 52%) were prepared 


substantially by the same method as ethyl 2-oxocyclohexanecarboxylate.1* 2-Bromomethyl- 
naphthalene was obtained from 2-methylnaphthalene and N-bromosuccinimide, or by photo- 
bromination.!? The former method gave 40—45% of product but was not satisfactory on the 
large scale; the second method gave 30—40% yield on any scale, and the remainder of the 
starting material was recovered. Rapid distillation of the unstable bromomethyl compound 
gave material sufficiently pure for use. 

Ethyl 1-8-Naphthylmethyl-2-oxocyclohexanecarboxylate.—By the method of Cook e¢ al.8* ethyl 
2-oxocyclohexanecarboxylate (24-0 g.) gave ethyl 1-8-naphthylmethyl-2-oxocyclohexane- 
carboxylate (29-6 g.), b. p. 180—190°/0-2 mm., prisms, m. p. 69—71° [from light petroleum 
(b. p. 40—60°)]. 

15 Graebe, Annalen, 1904, 385, 134; Cook, J., 1934, 374. 


16 Org. Synth., Coll. Vol. II, p. 531. 
17 Chapman and Williams, /., 1952, 5044. 
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In the same way were obtained ethyl 5- [64%; b. p. 200—204°/0-4 mm., prisms, m. p. 77 
78° (Found: C, 78-8; H, 7-4. C,,H.4O, requires C, 77-75; H, 7-5%)], 4- (52%; needles, m. p. 
70--71° (Found: C, 78-6; H, 7-5%)], and 3-methyl-1-8-naphthylmethyl-2-oxocyclohexanecarb- 
oxylate (60%; b. p. 180—190°/0-1 mm., prisms, m. p. 107—108° (Found: C, 77-6; H, 7-3%)]. 
Benzyl 1-8-naphthylmethyl-2-oxocyclohexanecarboxylate crystallised without distillation and from 
light petroleum (b. p. 40—60°) formed quilted needles, m. p. 75—76° (Found: C, 80-9; H, 6-45. 
C,;H,,4O; requires C, 80-6; H, 6-5%); the semicarbazone gave needles, m. p. 204—205° (Found : 
C, 72-75; H, 6-3. C,,H,,O,N, requires C, 72-7; H, 6-3%), from the same solvent. 

2-8-Naphthylmethylcyclohexanone.—(a) When the foregoing benzyl ester (1-0 g.), 30% 
palladised charcoal (0-4 g.), and ethanol were shaken with hydrogen, reaction stopped after 
rapid uptake of 40 c.c. Filtration, addition of fresh catalyst (0-1 g.), and renewed hydrogen- 
ation completed the reaction. Filtration and removal of the solvent gave an oil (0-57 g.) which 
crystallised. 2-8-Naphthylmethylcyclohexanone gave needles, m. p. 58—60° (Found: C, 85-3; 
H, 7-6. C,,H,,O requires C, 85-7; H, 7-6%), from aqueous methanol. 

(b) Catalyst poisoning was not observed when the ester (4-0 g.), ethyl acetate (100 c.c.), and 
20% palladised strontium carbonate ** (1-0 g.) were shaken with hydrogen. After removal of 
the catalyst the solution was refluxed for } hr. and evaporated, giving the product (1-76 g.). 
The semicarbazone separated from ethanol as needles, m. p. 179—181° (Found : C, 73-0; H, 7-1. 
C,sH,,ON,; requires C, 73-2; H, 7-2%). The picrate formed yellow needles, m. -p. 84—85° 
(Found : C, 59-0; H, 4-5. C,,H,,O,N, requires C, 59-1; H, 45%), from the same solvent. 

Ethyl 2-Methyl-3-8-naphthylmethyl-4-oxocyclohex-2-enecarboxylate-—Ethyl 2-methyl-4-oxo- 
cyclohex-2-enecarboxylate !* (30-3 g.) was added all at once to a stirred suspension of sodamide 
[prepared from sodium (3-88 g.) and liquid ammonia (100 c.c.)] cooled in carbon dioxide—acetone. 
The mixture was stirred for 20 min. without cooling, then cooled again, and treated with a 
mixture of dry toluene (100 c.c.) and ether (17 c.c.). The mixture was stirred without cooling 
for 14 hr., most of the ammonia evaporating. 2-Bromomethylnaphthalene (36-9 g.) in toluene 
(150 c.c.) was then added in a steady stream, and the mixture was refluxed for 18 hr. under 
nitrogen. After addition of water the organic layer was washed with dilute hydrochloric acid 
and water and dried (Na,SO,). Evaporation and distillation gave a pale yellow oil (28-0 g.), 
b. p. 210—220°/0-2mm. The semicarbazone formed prisms, m. p. 188—189° (Found : C, 67-85; 
H, 7-1. C.,H,;0,N3,4C,H,°OH requires C, 67-7; H, 7-3%), from ethanol. 

3-Methyl-2-8-naphthylmethylcyclohex-2-enone.—The above oil (28-0 g.), acetic acid (1120c.c.), 
and 2n-hydrochloric acid (560 c.c.) were refluxed under nitrogen for 6 hr. The benzene extract 
of the diluted solution was washed with sodium carbonate solution and with water, dried, and 
evaporated. The ketone (13-2 g.) was obtained as a pale yellow oil, b. p. 170—174°/0-05 mm. 
The semicarbazone crystallised from ethanol as needles, m. p. 190—191° (Found: C, 74-0; H, 
7-0. Cy sH,,ON, requires C, 74:2; H, 6-9%). 

3-Methyl-2-8-naphthylmethylcyclohexanone.—The above ketone (5-0 g.), Adams platinum 
oxide catalyst (0-75 g.) and ethanol (80 c.c.) were shaken with hydrogen. When uptake ceased 
(680 ml.) the mixture was filtered, evaporated, and distilled. The ketone (4-0 g.) had b. p. 
160—166°/0-05 mm. The semicarbazone gave needles, m. p. 207—208° (Found: C, 74-1; H, 
7-8. Cy gH,,ON, requires C, 73-75; H, 7-5%), from ethanol. 

2-Methyl-6-8-naphthylmethylcyclohexanone.—Ethyl 3-methyl-1-68-naphthylmethyl-2-oxo- 
cyclohexanecarboxylate (3-4 g.), acetic acid (120 c.c.), and 2N-hydrochloric acid (60 c.c.) were 
heated under reflux for 60 hr. Working up in the usual way with ether yielded a crude product 
(1-0 g.), m. p. 65—70°, after trituration with light petroleum (b. p. 40—60°). The ketone gave 
from this solvent needles, m. p. 73—74° (Found: C, 85-3; H, 8-0. C,,H» 9O requires C, 85-7; 
H, 8-0%). 

Ethyl 6: 7:8: 13-Tetrahydro-3 : 4-benzofluorene-13-carboxylate—Ethy] 1-$-naphthylmethyl- 
2-oxocyclohexanecarboxylate (5-0 g.) and benzene (100 c.c.) were stirred vigorously at 0° and 
treated dropwise during 20 min. with ice-cold concentrated sulphuric acid (60c.c.). The deep- 
red solution was stirred at 0° for a further 70 min. and poured on ice. The benzene extract 
from the mixture was washed with dilute sodium carbonate solution and with water. The dried 
(Na,SO,) extract gave an oil (3-6 g.), which on distillation (b. p. 160—162°/0-02 mm.) was pale 
yellow (2-2 g.). From aqueous ethanol the fetrahydro-compound formed needles, m. p. 65—66° 
(Found: C, 81-9; H, 7-0. C.9H. 0, requires C, 82-15; H, 6-9%). The picrate gave orange 


18 Bowman, J., 1950, 325 
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needles, m. p. 114—115° (Found; C, 59-8; H, 4:7. C,,H,;O,N; requires C, 59-9; H, 4-45%), 
from ethanol. 

Ethyl 6: 7:8: 13-Tetrahydro-7-methyl-3 : 4-benzofluorene-13-carboxylate-—Prepared in the 
manner described above (50—63% yield) as a pale yellow oil, b. p. 167—-170°/0-02 mm., the 
tetrahydro-compound formed prisms, m. p. 57—58° (Found : C, 82-0; H, 6-9. C,,H,.O, requires 
C, 82-3; H, 7-2%), from aqueous methanol. The picrate gave orange needles, m. p. 104—105° 
(Found: C, 61-0; H, 4-9. C,,H,.0,,C,H,;0;N, requires C, 60-6; H, 4-7%), from ethanol. 

Ethyl 6:7: 8: 13-Tetrahydro-6-methyl-3 : 4-benzofluorene-13-carboxylate——The pale yellow 
oil (68%), b. p. 162—166°/0-05 mm., gave prisms of the tetrahydro-compound, m. p. 78—79° 
(Found: C, 81-4; H, 6-7%), from aqueous methanol. From ethanol the hemipicrate formed 
red platelets, m. p. 107—108° (Found: C, 67-85; H, 5-8. C,,H,.,0.,4C,H,;O,N, requires C, 
68-5; H, 5-6%). 

5:6: 7: 8-Tetrahydro-3 : 4-benzofluorene.—A vigorously stirred solution of 2-8-naphthyl- 
methylceyclohexanone (0-5 g.) in benzene (5 ml.) was treated at 0°, during 10 min., with ice-cold 
concentrated sulphuric acid. The deep-red solution was stirred for 80 min. more at 0° and 
worked up in the usual way. The crude oil (0-36 g.), when triturated with light petroleum 
(b. p. 40—60°), gave a solid (0-25 g.), m. p. 85—90°. 5:6:7: 8-Tetrahydro-3 : 4-benzofluorene, 
m. p. 95—96° (Found: C, 92-9; H, 6-8. C,,H,, requires C, 92-7; H, 7-3%), crystallised from 
aqueous ethanol. Chocolate-brown needles of the picrate, m. p. 129—130° (Found: C, 61-5; 
H, 4:1. C,3H,,0,N; requires C, 61-5; H, 4-3%), separated from ethanol. 

5:6: 7: 8-Tetrahydro-8-methyl-3 : 4-benzofluorene.—Prepared as above (47%) the 8-methyl 
compound gave plates, m. p. 52—53° (Found: C, 91-0; H, 7-5. C,,H,, requires C, 92-3; H, 
7-7%), from aqueous ethanol. The chocolate-brown picrate gave needles, m. p. 125—126° 
(Found : C, 62-3; H, 4-6. C,,H,,O,N, requires C, 62-2; H, 4-6%), from ethanol. 

Attempted Cyclisation of Ethyl 3-Methyi-1-8-naphthylmethyl-2-oxocyclohexanecarboxylate.— 
Treated in the way described above, this substance remained unchanged; a reaction time of 
6 hr. caused complete sulphonation. After 3 hr. a very small yield of a substance was isolated 
which gave needles, m. p. 79—80° (Found: C, 77-0; H, 7-6. C,,H,,O, requires C, 77-75; H, 
7-5%), from aqueous methanol. 

3: 4-Benzofluorene.—(a) Ethyl 6:7: 8: 13-tetrahydro-3 : 4-benzofluorene-13-carboxylate 
(1-0 g.) and 30% palladised charcoal (0-5 g.) were heated under nitrogen for 4 hr. at 
280°. Sublimation at 120°/0-1 mm. gave 3 : 4-benzofluorene (0-46 g.), m. p. 110—115° (m. p., 
after crystallisation from ethanol, 122—124°; picrate, m. p. 130—131°). 5:6: 7: 8-Tetra- 
hydro-3 : 4-benzofluorene (0-40 g.) in the same way (240°, 1} hr.) gave the product (0-15 g.). 

(0) 2-Benzyl-«-tetralone (9-68 g.), phosphoric anhydride (10 g.), and xylene (100 c.c.) were 
heated under reflux for 12 hr., more phosphoric anhydride (10 g.) being added after 6 hr. The 
xylene solution was decanted, the solid residue was decomposed with ice and extracted with 
benzene, and the benzene and xylene solutions were combined, washed with dilute alkali and 
water, and dried. Distillation gave a clear mobile oil (2-66 g.), b. p. 120—130°/0-05 mm., and 
a viscous yellow oil (0-4 g.), b. p. 160—170°/0-1 mm., which immediately crystallised. 

Redistillation of the mobile oil gave hexa(?)hydro-3: 4-benzofluorene, b. p. 120— 
122°/0-02 mm. (m!? 1-6095) (Found: C, 91-8; H, 8-0. C,,H,, requires C, 91-8; H, 8-2%). 
This (0-5 g.) with 30% palladised charcoal (0-1 g.) for 14 hr. at 220—240° gave by 
ether-extraction a brown oil (0-46 g.) which immediately crystallised. With picric acid in 
ethanol this gave 3 : 4-benzofluorene picrate, m. p. and mixed m. p. 130—131°. 

Fractional crystallisation from ethanol of the solid material from the distillation gave small 
quantities of two substances : white flakes, m. p. 184—185° (Found : C, 94-3; H, 5-7. Calc. for 
C,7H,,.: C, 94-4; H, 5-6%) (1: 2-benzofluorene is reported 15 to have m. p. 188° and 184°), and 
prisms, m. p. 104—105° (insufficient for analysis). 

6-Methyl-3 : 4-benzofluorene.—Ethy] 4- methyl- 1-8-naphthylmethyl- 2-oxocyclohexanecarb- 
oxylate (2-2 g.), diphenyl (5-0 g.), and 30% palladised charcoal (0-6 g.) were heated under 
nitrogen at 260° for 3} hr. The ether was removed from a filtered ether extract of the product, 
and most of the diphenyl was removed by distillation under reduced pressure. The residue was 
treated in ethanol with an equal weight of picric acid, giving a bright red picrate (1-4 g.), m. p. 
139—141° [needles from ethanol, m. p. 141—142° (Found: C, 62:7; H, 3-7. Cale. for 
C,3Hy4,CsH,0;N,: C, 62-7; H, 3-7%)]. The hydrocarbon regenerated by lithium hydroxide 
(0-7 g.) gave flakes of 6-methyl-3 : 4-benzofluorene, m. p. 76—77°, from ethanol. The tri- 
nitrobenzene complex formed yellowish-orange needles, m. p. 159—160°, from ethanol. 
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Bachmann and Deno? gave m. p.s 72—72-5°, 119—120-5°, and 147-5—148-5°, for the hydro- 
carbon, picrate, and trinitrobenzene complex, respectively. 

7-Methyl-3 : 4-benzofluorene.—Prepared as above from the appropriate tetrahydro-ester 
(3-75 g.), 7-methyl-3 : 4-benzofluorene (crude yield 1-29 g.; m. p. 77—80°) gave needles, m. p. 
79—80° (Found: C, 93-7; H, 6-0. C,,H,, requires C, 93-9; H, 6-1%), from aqueous ethanol. 
The red needles, m. p. 136—137°, of the picrate (from ethanol) dissociated fairly quickly in the 
air and did not give accurate analyses (Found: C, 64:15; H, 3-7%). The ¢trinitrobenzene 
complex, yellow-orange needles (from ethanol), m. p. 146—147° (Found: C, 65-1; H, 3-9. 
C,sH4,C,H,;0,N, requires C, 65-0; H, 3-9%), was stable. 

8-Methyl-3 : 4-benzofluorene.—5 : 6 : 7 : 8-Tetrahydro-8-methyl-3 : 4-benzofluorene (0-4 g.), 
heated with palladised charcoal at 180—240° during 1} hr., gave the substantially pure 
product (0-21 g.). It formed flakes, m. p. 107—108°, from ethanol [picrate (bright-red needles), 
m. p. 129—130°, from ethanol]. The trinitrobenzene complex gave orange-needles, m. p. 164— 
165° (Found : C, 64-4; H, 3-8%), from ethanol. 

2-8-Naphthylmethylcyclohexane-1 : 3-dione.—1 : 5-Dimethoxycyclohexa-1 : 4-diene (42 g.) was 
added during 15 min. to a potassamide solution [from potassium (12 g.) and liquid ammonia 
(600 c.c.)]. The deep-red solution was stirred for 20 min. more, and treated dropwise with 
2-bromomethylnaphthalene in ether until the red colour was completely discharged. Decom- 
position with ice and water, extraction with ether, removal of the ether, and distillation of 
excess of dimethoxycyclohexa-1 : 4-diene left an oil (7-1 g.). This was boiled with 2Nn-sulphuric 
acid (30 c.c.) for lhr. Extraction of the mixture with ether, and of the ether with dilute sodium 
hydroxide solution followed by acidification of the alkaline solution, gave the product (0-7 g.). 
2-8-Naphthylmethylcyclohexane-1 : 3-dione gave plates, m. p. 205—206° (Found: C, 80-9; H, 
6-2. C,,H,,O0, requires C, 80-9; H, 6-4%), from ethyl acetate. 

2-Benzyl-a-tetralone.—2-Benzylidene-«-tetralone 5 (13-4 g.), purified dioxan (215 c.c.), and 
10% palladised strontium carbonate (1-34 g.) were shaken with hydrogen until the calculated 
quantity of the latter was consumed. The usual methods gave 2-benzyl-«-tetralone as a 
pale-yellow oil, b. p. 148—150°/0-05 mm., which crystallised immediately (m. p. 45—49°) and 
gave an oxime, m. p. 121—122°. 

WASHINGTON SINGER LABORATORIES, 

PRINCE OF WALES RoapD, EXETER. [Received, March 6th, 1957.] 


623. Polyazabicyclic Compounds. Part II.* Further Derivatives 
of Benzo-1 : 2: 4-triazine. 
By R. F. Rossins and K. SCHOFIELD. 


A number of 3-arylbenzo-1 : 2: 4-triazines have been prepared from 
formazans, and their N-oxidation studied. 

3-Aminobenzo-1 : 2 : 4-triazines can be converted into 1 : 4-di-N-oxides. 

Some derivatives of 8-hydroxybenzo-1 : 2 : 4-triazine have been obtained. 


(A) It was shown previously * that the Bamberger } synthesis of benzo-1 : 2 : 4-triazines 
from suitably substituted formazans (I —» II) was widely applicable, and was favoured 
by a 3-aryl group (R = ArinI). To delineate the range of the reaction further, and to 
provide substances potentially of therapeutic interest, new examples, particularly of the 
cyclisation of formazans having electron-attracting substituents, have been studied. 

The yields of benzo-1 : 2 : 4-triazines obtained from appropriate formazans are listed 
in Table 2 and accord with the character of the reaction as an intramolecular electrophilic 
substitution. Nitro-groups in the 1- and 5-aryl groups of the formazan greatly hinder the 
cyclisation, but even the poor yields obtained in some of the cases listed do not completely 
negate the utility of the reaction, for the formazans are relatively easy to obtain. In only 
one instance could we detect phenazine formation. Although we could not obtain pure 


* Part I, /., 1955, 2326. 


1 Bamberger and Wheelwright, Ber., 1892, 25, 3201. 
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1 : 3: 5-tri-f-nitrophenylformazan, experiments with a crude specimen suggest that the 
degree of electronegative substitution prevented triazine formation. The cyclisations 
listed were all effected by means of a mixture of sulphuric and acetic acids, and optimum 
yields were obtained only by careful adherence to the described conditions. Polyphosphoric 
acid was used successfully in some’ cases, but offered no advantage. 


RY” RM N 
‘ R “Sr 
R’ N=N-CR=N-NH ak} a 
1g 
(I) 


R! N (II) 

3-p-Nitrophenyl-, 6-methoxy-3-p-nitrophenyl-, and 6-nitro-3-phenyl-benzo-l : 2 : 4- 
triazine were reduced to the corresponding amines. Anhydrous stannous chloride? was 
the only reagent suitable for this purpose. 6-Amino-3-phenylbenzo-l : 2 : 4-triazine could 
also be obtained, but in very poor yield, by the reduction of N-benzoyl-N’-2 : 4-dinitro- 
phenylhydrazine. 

(B) Little is known of benzo-1 : 2: 4-triazine N-oxides. Their reported antimalarial 
activity ** and, by analogy with other heterocyclic N-oxides,* * their potential value as 
antibacterial reagents, prompted an investigation of these compounds. Our products fall 
into two groups, those without a 3-amino-group and those with this feature. 

With peracetic acid, benzo-1 : 2 : 4-triazine gave a poor yield of the l-oxide, whose 
structure was proved by synthesis (see below). Neither benzo-1 : 2 : 4-triazine itself, nor 
any of its derivatives lacking the 3-amino-group, could be converted into dioxides, either 
with peracetic or with performic acid. 8-Methoxybenzo-l : 2: 4-triazine with peracetic 
acid gave what appears to be a 1 : 2 : 4-triazinecarboxylic acid. 

Peracetic acid at room temperature converted 3-phenylbenzo-l : 2 : 4-triazine into a 
monoxide, m. p. 105—107°, whilst oxidation at 45—50° gave an isomeric substance, m. p. 
132—133°. The two products were isomeric monoxides, and not merely polymorphic 
forms of one compound, as was shown by their different ultraviolet extinction curves. 
The lower-melting monoxide was unchanged by heat, or by mineral acids, but peracetic 
acid converted it into the higher-melting isomer. The latter we proved to be 3-phenyl- 
benzo-1 : 2 : 4-triazine l-oxide by its synthesis from N-o-nitrophenylbenzamide (III —» 
IV), and, in view of its easy isomerisation, we suggest that the lower-melting compound is 
the 2-oxide. This type of migration seems not to have been observed previously in hetero- 
cyclic N-oxides, but similar transformations occur in some azoxybenzenes. Migration of 
oxygen from one nitrogen to the other sometimes happens under the conditions of the 
Wallach rearrangement,’ while 8-f-nitroazoxybenzene changes to the «-isomer on treat- 


ment with chromic acid.® 
NH. N 
CPh - “Ph 
iI A: . 7 
NH UN 
NO, 3 


N 
v 
(IIT) (lv) oO 


Mild oxidation of 3-p-chlorophenylbenzo-l : 2 : 4-triazine gave a mixture, probably of 
isomeric monoxides with some of the parent compound. Oxidation of 3-p-acet- 
amidophenyl- and 3-f-acetamidophenyl-6-methoxy-benzo-l : 2 : 4-triazine, followed by 
hydrolysis, gave monoxides which are assumed to be the 1-isomers. 


* Albert and Linnell, J., 1936, 1617. 

Wolf, Pfeister, Wilson, and Robinson, J]. Amer. Chem. Soc., 1955, 76, 3552. 
Wolf, Wilson, Pfeister, and Tishler, ibid., p. 4611. 

Mcllwain, J., 1943, 322. 

® Landquist, J., 1953, 2816 e¢ seq. 

7 Angeli, Gazzetta, 1916, 46, II, 82. 

® Idem, ibid., 1916, 46, II, 79. 
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In the most convenient preparation * 1° of 3-amino- or 3-hydroxy-benzo-l : 2 : 4-tri- 
azines use is made of the cyclisation by alkali of o-nitrophenyl-guanidines or -ureas (of 
which reactions the above synthesis of 3-phenylbenzo-l : 2: 4-triazine l-oxide is an 
extension). The guanidine can be prepared from an o-nitroaniline and cyanamide in 


N N 
“ys SNH, 
NO, _s 
we NH; as 


v 
(XT) (@) (XII) 


t 


N N N N 
\yoH Yc! SNe SNH, 
MU —> —_> —> 
NZ a ai i 
’ ’ 


1@) Oo (Vv) 


Y Y 


rs 
, CT yee ex Swi CX SN 
<_— <—? 
ZN N N 


; : v v 
(X) Oo (IX) 9O (VIII) O (VII) 


Z>O O€<Z 
“-_ 
< 
Oo 


hydrochloric acid, a recent modification * enabling otherwise unreactive anilines to be 
used. o-Nitrophenylureas are less readily available, although 4-chloro-2-nitrophenylurea 
can be easily obtained* by reaction of carbonyl chloride with 4-chloro-2-nitroaniline 
followed by treatment with ammonia. We have used an analogous series of reactions for 
the preparation of o-nitrophenylurea, thus making easily available in quantity 3-hydroxy- 
and 3-amino-benzo-1 : 2: 4-triazine l-oxide. 3-Hydroxybenzo-1 : 2: 4-triazine 1l-oxide 
could be converted into the 3-chloro-compound without destroying the oxide group, and 
the chloro-compound readily provided 3-aminobenzotriazine l-oxide (V), previously 
obtained by Arndt and Rosenau ™ from o-nitrophenylguanidine. Reduction of the oxide 
(V) to the base (VI) and oxidation with peracetic acid gave the compound regarded by 
Arndt and Rosenau !° as 3-aminobenzo-l : 2 : 4-triazine 2-oxide. Although under similar 
conditions 3-benzamido-1 : 2: 4-triazine was not oxidised, Adams and Mujano ™ have 
shown that 2-amino-pyridine and -quinoline are not affected by peracetic acid, and it seems 
likely that only the ring-nitrogen atoms are oxidised when the base (VI) is treated with 
this reagent. Further oxidation of the oxide (V) and of its isomer gave the same di-N- 
oxide. 3-Acetamidobenzo-l : 2: 4-triazine l-oxide also gave this dioxide, losing its 
acetyl group in the reaction. We suggest,that Arndt and Rosenau’s monoxide is probably 
3-aminobenzo-l : 2 : 4-triazine 4-oxide (VII), and that further oxidation converts both (V) 
and (VII) into the 1: 4-di-N-oxide (VIII). An attempt to cyclise nitroformaldehyde 
o-nitrophenylhydrazone to 3-aminobenzo-1 : 2 : 4-triazine 4-oxide failed. 

3-Amino-7-chloro- ‘and 3-amino-7-methoxy-benzo-l : 2 : 4-triazine were converted into 
the 4( ?)-monoxides and the 1 : 4( ?)-dioxides analogous to (VII) and (VIII). The dioxides 
gave yellow solutions in acid, but red ones in aqueous or alcoholic alkali. The monoxides 
did not give red solutions in alkali. 

3-Chlorobenzo-1 : 2 : 4-triazine l-oxide was readily converted into 3-hydrazinobenzo- 
1 : 2: 4triazine l-oxide (IX). This was oxidised to benzotriazine l-oxide (X), identical 
with the compound formed from benzo-1 : 2: 4-triazine. The chloro-compound did not 

* Arndt, Ber., 1913, 46, 3522. 


1®@ Arndt and Rosenau, Ber., 1917, 50, 1248. 
11 Adams and Mujano, J]. Amer. Chem. Soc., 1954, 76, 2785. 
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react with toluene-f-sulphonhydrazide, but the required derivative was obtained by 
acylation of 3-hydrazinobenzo-l : 2: 4-triazine l-oxide. With alkali it gave no 
recognisable product. 

A number of experiments were made with the object of preparing diaminobenzo- 
1:2: 4+triazines. 2: 4-Dinitroaniline could not be converted into 2: 4-dinitrophenyl- 
urea, and both this compound ™ and 4-acetamido-2-nitrophenylurea failed to cyclise 
with alkali. 

Benzo-1 : 2 : 4-triazine itself and 3-hydroxybenzo-1 : 2: 4-triazine l-oxide could not 
be nitrated, even under forcing conditions, and 3-benzamidobenzo-l : 2 : 4-triazine l-oxide 
gave the 3-m-nitrobenzamido-compound. However, the oxide (V) readily gave 3-amino- 
x-nitrobenzo-1 : 2 : 4-triazine l-oxide (XI). That this product was not a nitramine was 
proved by its reduction to 3 : x-diaminobenzo-l : 2 : 4-triazine (XII) which differed from 
3-hydrazinobenzo-l : 2: 4-triazine prepared from (IX). The crystalline red diamine 
could not be obtained analytically pure, probably because of its sensitivity to oxidation, 
but it gave a pure monoacetyl derivative (probably the Bz-acetamido-derivative, in view 
of the difficulty met in acetylating 3-aminobenzo-] : 2 : 4-triazine). 

(C) In preparing analogues of oxine by demethylating 8-methoxy-, 8-methoxy-3- 
methyl-, and 8-methoxy-3-phenyl-benzo-l : 2: 4-triazine with aluminium chloride in 
benzene it was previously noticed (Part I, Joc. cit.) from analytical evidence that the 
phenolic product must either contain benzene of crystallisation or have been substituted 
by a phenyl group. Sublimation did not change the compositions of the compounds and 
the second possibility seemed the more likely. It is now borne out by the observation 
that 3-phenylbenzo-1 : 2 : 4-triazine, when heated with aluminium chloride in benzene, is 
converted into 3 : x-diphenylbenzo-1 : 2 : 4-triazine. We know of no comparable reaction 
with other heterocyclic systems, but similar phenylation may occur initially in the 
conversion of azobenzene into p-aminodiphenyl by the action of aluminium chloride in 
benzene. 33 

Hydrobromic acid, although satisfactory as a demethylating agent for preparing 
8-hydroxy-3-phenyl- and 8-hydroxy-3-f-chlorophenyl-benzo-1 : 2: 4-triazine, caused decom- 
position when used with 5-ethoxy-3-amino-, 8-methoxy-3-methyl-, and 8-methoxy-benzo- 
1:2:4+triazine. The two 3-aryl-8-hydroxy-compounds formed sparingly soluble red 
sodium salts, giving brilliant red aqueous solutions. Working up the products in attempted 
dealkylation of 5-ethoxy-3-amino-, 8-methoxy-3-methyl-, and 8-methoxy-benzo-1 : 2 : 4- 
triazine gave red alkaline extracts which darkened when kept, probably because of the 
ready oxidation of the phenol produced. 


EXPERIMENTAL 
Ultraviolet extinction data refer to solutions in 95% ethanol. 


For many of the triazine derivatives good analyses could not be obtained, perhaps owing to 
difficulty in purifying these insoluble compounds or owing to their instability or high nitrogen 
content. 

Preparation of Formazans.44—The appropriate diazonium chloride solution (10—20% 
excess) was added during ca. 30 min. to a stirred solution of the phenylhydrazone in a large 
excess of pyridine. Stirring was continued overnight and the mixture was then poured into 
water. The product was collected, washed, and recrystallised (Table 1). 

Preparation of Benzo-1 : 2 : 4-triazines —The following general method gave the best results. 
Concentrated sulphuric acid was added, as quickly as possible, to the stirred, cooled solution of 
the formazan in glacial acetic acid. The temperature was not allowed to rise above 15°, but it 
was essential to avoid separation of the formazan by overcooling. The resulting blue solution 


12 Reudler, Rec. Trav. chim., 1914, 33, 4044. 

13 Thomas, ‘‘ Anhydrous Aluminium Chloride in Organic Chemistry,’’ Reinhold Publ. Corp., New 
York, 1941, p. 660. 

14 Ashley, Davis, Nineham, and Stack, /J., 1953, 3881. 
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was heated on the water-bath. When it became brownish-yellow it was immediately poured 
on ice. The product was washed well and recrystallised (see Table 2). 

3-p-A minophenylbenzo-1 : 2 : 4-triazine.—3-p-Nitrophenylbenzo-1 : 2 : 4-triazine (1-75 g.) and 
an anhydrous stannous chloride reagent !5 (35 c.c.) were heated on the water-bath for 15 min. 
After dilution with water (100 c.c.) and basification with 2N-sodium hydroxide the mixture was 
extracted with benzene. Evaporation of the dry (Na,SO,) extract gave 3-p-aminophenylbenzo- 
1:2: 4-triazine (1-4 g., 91%), scarlet needles, m. p. 186—188° (from methanol) (Found: C, 
70-2; H, 5-0. C,,;H, )N, requires C, 70:3; H, 4:5%). It formed an acetamido-derivative 
(yellow powder, m. p. 238—241°) and its diazotisation followed by coupling with alkaline 
8-naphthol gave a red dye. 

3-p-Aminophenyl-6-methoxybenzo-1 : 2 : 4-triazine.—6-Methoxy-3-p-nitrophenylbenzo- 
1 : 2: 4-triazine (1-5 g.) and an anhydrous stannous chloride reagent !5 (30 c.c.) were heated on 
the water-bath for 15 min. The precipitated solid was dissolved in water, concentrated hydro- 
chloric acid (5 c.c.) was added, and the mixture heated for a further 10 min. Worked up as in 
the previous experiment but with continuous ether-extraction the mixture gave 3-p-amino- 
phenyl-6-methoxybenzo-1 : 2: 4-triazine (0-6 g., 44:7%) as golden needles, m. p. 190—192° 
(Found: C, 65-6; H, 4-6. C,,H,,ON, requires C, 66-7; H, 4-6%), fromethanol. This triazine 
gave an acetamido-derivative (yellow powder, subliming at 245—255°) and its diazotisation 
followed by coupling with alkaline 8-naphthol gave a red dye. 

3-Chlorobenzo-1 : 2: 4-triazine 1-Oxide.—3-Hydroxybenzo-] : 2: 4-triazine (2-5 g.) (prepared 
by a method similar to that used for the 7-chloro-compound ‘), pure dimethylaniline (5 c.c.), 
and pure phosphorus oxychloride (10 c.c.) were refluxed for 45 min. The mixture was then 
poured on ice. The product crystallised from methanol, giving 3-chlovobenzo-1 : 2: 4-triazine 
l-oxide (1-8 g., 64%) as white plates, m. p. 117—118° (Found: C, 46-7; H, 2:3. C,;H,ON,Cl 
requires C, 46-3; H, 2-2%). 

3-Hydrazinobenzo-1 : 2: 4-triazine 1-Oxide.—3-Chlorobenzo-1 : 2: 4-triazine l-oxide (2-5 g.) 
and 90—95% w/w hydrazine hydrate (10 c.c.) in ethanol (100 c.c.) were refluxed gently for 1 hr. 
Removal of the solvent by careful evaporation under a vacuum, and recrystallisation of the 
residue from methanol, gave yellow needles, m. p. 201—203° (decomp.) (Found: C, 47-4; H, 
4:0. C,H,ON;, requires C, 47-5; H, 40%), of 3-hydrazinobenzo-1 : 2: 4-triazine 1-oxide (1-75 g., 
72%). With toluene-p-sulphonyl chloride in pyridine it gave impure 3-toluene-p-sulphony!- 
hydrazinobenzo-1 : 2: 4-triazine l-oxide, yellow needles, m. p. 223—225° (decomp.) (from 
2-methoxyethanol) (Found: C, 52-5; H, 4:1. Calc. for C,4H,;0,N;S: C, 50-8; H, 40%). 

3-Hydrazinobenzo-1 : 2 : 4-triazine.—3-Hydrazinobenzo-1 : 2: 4-triazine l-oxide (0-56 g.) in 
hot concentrated hydrochloric acid (28 c.c.) was treated with stannous chloride dihydrate 
(2-24 g.) and heated on the water-bath for 5 min. It was basified and extracted continuously 
with chloroform. Evaporation of the dry (CaSQ,) extract and crystallisation of the residue from 
methanol gave yellow needles of 3-hydrazinobenzo-1 : 2: 4-triazine, m. p. 168—170° (Found: C, 
52-4; H, 4-7. C,H,N, requires C, 52-2; H, 4-4%). 

3-Aminobenzo-1 : 2: 4-triazine 1-Oxide—Anhydrous ammonia was passed into a stirred, 
refluxing solution of 3-chlorobenzo-1 : 2 : 4-triazine l-oxide (5 g.) in ethanol (200 c.c.) for 7 hr. 
After 12 hr. there was collected a yellow powder (2-42 g., 54%), m. p. 269—-271°, undepressed on 
admixture with 3-aminobenzo-1 : 2: 4-triazine l-oxide prepared by Arndt’s method.®? With 
acetic anhydride in pyridine it gave 3-acetamidobenzo-1 : 2: 4-triazine 1l-oxide (60%), yellow 
needles, m. p. 191—192° (from methanol) (Found: C, 53-2; H, 3-9. C,H,O,N, requires C, 
52-9; H, 4-:0%), and with benzoyl chloride in pyridine the corresponding benzamido-derivative, 
m. p. 206—209°. 

3-Aminobenzo-1 : 2: 4-triazine 1: 4-Dioxide—3-Acetamidobenzo-1 : 2: 4-triazine 1-oxide 
(1-3 g.) in acetic acid (32 c.c.) containing 30% hydrogen peroxide (16 c.c.) was kept at 45—50° 
for17hr. Neutralisation, continuous extraction with ether and evaporation of the dry (Na,SO,) 
extract gave the crude dioxide (1-035 g., 72%) which from methanol formed orange needles, 
m. p. 229—230° (decomp.) (rate of heating 10°/min.) of 3-aminobenzo-1 : 2: 4-triazine 1: 4- 
dioxide (Found: C, 46-5; H, 3-8. C,H,O,N, requires C, 47-2; H, 3-4%), Amax. 272, 474 my 
(log,) ¢ 4:24; 3-52), inflexion at 226 my (log,, ¢ 3-10). The dioxide was also formed by the 
similar oxidation of 3-aminobenzo-1 : 2: 4-triazine and of 3-aminobenzo-1 : 2: 4-triazine 1- 
or 4-oxide. 

Nitroformaldehyde o-Nitrophenylhydrazone.—A slurry of o-nitroaniline (10 g.), sodium 

15 Albert and Linnell, J., 1936, 1617. 
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nitrite (5 g.), and water (15 c.c.) was added all at once to a stirred mixture of concentrated hydro- 
chloric acid (14 c.c.) and crushed ice (50 g.). After 15 min. the filtered diazonium salt solution 
was added to a mixture of nitromethane (4-5 g.), ethanol (10 c.c.), water (40 c.c.), sodium 
hydroxide (2-9 g.), and crushed ice (150 g.) stirred at 0°. After 30 min. the solid was collected, 
washed, and recrystallised from ethanol, giving maroon needles of the hydrazone (9-1 g., 77%), 
m. p. 135—137° (Found: C, 40-7; H, 3-4. C,H,O,N, requires C, 40-0; H, 2-9%). 

3-A mino-7-chlorobenzo-1 : 2: 4-triazine 4-Oxide.—3-Amino-7-chlorobenzo-1 : 2 : 4-triazine* 
(0-285 g.), acetic acid (53 c.c.), and 30% hydrogen peroxide (13 c.c.) were kept at room temper- 
ature for 84 hr. Neutralisation, and recrystallisation of the precipitate from dioxan gave 
3-amino-7-chlorobenzo-1 : 2 : 4-triazine 4-oxide (0-2 g., 64%) as yellow needles, m. p. 213—215° 
(Found : C, 43-4; H, 2-7. C;H,ON,Cl requires C, 42-8; H, 2-6%). 

3-A mino-7-methoxybenzo-1 : 2: 4-triazine 4-Oxide—3-Amino-7-methoxybenzo-]1 : 2: 4-tri- 
azine * (0-33 g.), acetic acid (30c.c.), and 30% hydrogen peroxide (10 c.c.) as above gave the 4-oxide 
(0-14 g., 39%) as orange needles, m. p. 182—183° (decomp.) (from methanol) (Found: C, 49-4; 
H, 3-8. CgH,O,N, requires C, 50-0; H, 4-2%). 

3-A mino-7-chlorobenzo-1 : 2: 4-iriazine 1 : 4-Dioxide.—3-Amino-7-chlorobenzo-1 : 2 : 4-tri- 
azine l-oxide * (0-5 g.), acetic acid (200 c.c.), and 30% hydrogen peroxide (50 c.c.) after 40 hr. at 
45—50° gave, after evaporation under a vacuum, a residue which crystallised from 2-ethoxy- 
ethanol as orange needles of 1 : 4-dioxide (0-2 g., 34%), m. p. 293—295° (decomp.) (10°/min.) 
(Found: C, 42-4; H, 3-2. Calc. for C;H,O,N,Cl: C, 39-6; H, 2-4. C;H,O,N,C1,4C,H,,0, 
requires C, 42-0; H, 3-9%). 

3-Amino-7-methoxybenzo-1 : 2: 4-triazine 1: 4-Dioxide—3-Amino-7-methoxybenzo-] : 2: 4- 
triazine l-oxide * (1 g.), acetic acid (100 c.c.), and 30% hydrogen peroxide (40 c.c.) after 72 hr. 
at 20—25° and 24 hr. at 45—50° gave, after evaporation under vacuum, a residue which 
crystallised from water as orange needles of the 1 : 4-dioxide (0-52 g., 47%), m. p. 213—214° 
(decomp.) (Found: C, 46-6; H, 3-8. C,H,O,N, requires C, 46-2; H, 3-9%). 

7-Acetyl-3-aminobenzo-1 : 2: 4-triazine 1-Oxide—3-Nitro-4-aminoacetophenone !* (0-5 g.) 
and cyanamide hydrochloride (1 g.) were heated at 150—180° for 5 min. and then at 180—190° 
fora further 5 min. After dilution with water and basification the alkaline solution was left at 
room temperature for 2 days. The product (0-36 g.) was collected and sublimed (180— 
200°/0-1 mm.), giving 7-acetyl-3-aminobenzo-1 : 2: 4-triazine l-oxide (0-07 g.; 12-4%) which 
formed yellow needles, m. p. 272—273° (decomp.) (Found: C, 52-6; H, 3-4. C,H,O,N, 
requires C, 52-9; H, 40%), from dioxan. 

3-A mino-5-ethoxybenzo-1 : 2: 4-triazine 1-Oxide.—2-Amino-3-nitrophenetole 17 (1-4 g.) and 
cyanamide hydrochloride (2-8 g.) were heated at 180—190° for 10 min. The mixture was made 
strongly alkaline with 30% aqueous sodium hydroxide and boiled for 5 min. The product gave 
yellow needles of 3-amino-5-ethoxybenzo-1 : 2 : 4-triazine 1-oxide (0-85 g., 54%), m. p. 245-5— 
247-5° (from methanol) (Found: C, 51-9; H, 4:7. C,H, 9O,N, requires C, 52-4; H, 4-9%). 

Benzo-1 : 2: 4-triazine 1-Oxide.—(a) Benzo-1 : 2: 4-triazine (0-25 g.) in acetic acid (25 c.c.) 
and 30% hydrogen peroxide (2-2 c.c.) at room temperature for 5 days gave, after neutralisation 
and recrystallisation of the precipitate from methanol, pale yellow flakes of the l-oxide (0-045 g., 
16%), m. p. 188—140° (Found: C, 57-4; H, 3-8. C,H,ON;, requires C, 57-1; H, 3-4%), Amax. 
275, 346 my (log, ¢ 3-76, 3-80), inflexion at 293 my (log,, ¢ 3-54), intense absorption below 
240 mu. 

(6) 3-Hydrazinobenzo-1 : 2: 4-triazine l-oxide (0-2 g.) in water (10 c.c.) was treated with 
10 c.c. of 10% copper sulphate pentahydrate solution and the mixture was heated on the water- 
bath for 3hr. Filtration, extraction of the filtrate with chloroform, and evaporation of the dry 
(Na,SO,) extract followed by recrystallisation of the residue from methanol gave pale yellow 
flakes (0-01 g., 6%), m. p. 138—140° undepressed on admixture with the oxide from (a). 

Oxidation of 8-Methoxybenzo-1 : 2: 4-triazine—The methoxy-compound (100 mg.), 30% 
hydrogen peroxide (0-7 c.c.), and acetic acid were kept for 3 days at room temperature. 
Neutralisation and extraction with chloroform, followed by evaporation of the dry (Na,SQ,) 
extract, gave a yellow powder. Recrystallisation from water gave a yellow substance, m. p. 
208—210° (decomp.) (Found : C, 35-8, 35-8; H, 3-8, 3-5. C;H,O,N, requires C, 35-5; H, 1-8%). 

3-Phenylbenzo-1 : 2 : 4-triazine 2( ?)-Oxide.—3-Phenylbenzo-1 : 2 : 4-triazine (1 g.), acetic acid 
(40 c.c.), and 30% hydrogen peroxide (6 c.c.), after 2 days at room temperature gave in the usual 

16 Gibson and Levin, J]., 1931, 2403. 

17 Blanksma, Chem. Weekblad, 1908, 5, 789. 
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way 3-phenylbenzo-1 : 2: 4-triazine 2(?)-oxide (0-52 g., 48%), yellow needles (from methanol), 
m. p. 105—107° (Found: C, 69-2; H, 5-4. C,,;H,ON; requires C, 69-9; H, 4:1%), Amax. 260, 
276, 360 muy (log, ¢ 4-53, 4-53, 3-68). 

3-Phenylbenzo-1 : 2: 4-triazine 1-Oxide——(a) 3-Phenylbenzo-1 : 2: 4-triazine (1 g.), acetic 
acid (40 c.c.), and 30% hydrogen peroxide gave after 20 hr. at 45—50° the l-oxide (0-93 g., 86%), 
orange plates (from ethanol), m. p. 132—133° (Found: C, 70-2; H, 42%), Ama. 278, 370 mu 
(log,> ¢ 4-56, 3-65, inflexion at 255 my (log,, « 4-42). The figures for 3-phenylbenzo-1 : 2 : 4- 
triazine were Amax. 258, 354 my (log,, ¢ 4-53, 3-68), inflexion at 276 mu (log,, ¢ 4-47). 

(6) 3-Phenylbenzo-1 : 2 : 4-triazine 2( ?)-oxide (0-1 g.), acetic acid (5 c.c.), and 30% hydrogen 
peroxide (5 c.c.) after 40 hr. at 45—50° gave orange plates (0-07 g.), m. p. 132—133°, undepressed 
on admixture with 3-phenylbenzo-1 : 2 : 4-triazine 1-oxide. 

(c) N-o-Nitrophenylbenzamidine picrate 1* (1 g.) was shaken with 2n-sodium hydroxide 
(5 c.c.) for 5 min. The free amidine was heated on the water-bath for 5 min. with 2N-sodium 
hydroxide (25 c.c.). Extraction with chloroform, careful evaporation of the dry (Na,SO,) 
extract, and recrystallisation from methanol gave orange plates (0-02 g., 2-2%), m. p. 132—133°, 
undepressed on admixture with 3-phenylbenzo-1 : 2 : 4-triazine l-oxide. 

Preparation of Benzo-1: 2: 4-triazine 1-Oxides——The appropriate benzo-1 : 2: 4-triazine 
was oxidised under conditions (see Table 3) similar to those used for 3-phenylbenzo-1 : 2: 4- 
triazine 1-oxide (a). 

3 : x-Diphenylbenzo-1 : 2 : 4-triazine.—3-Phenylbenzo-1 : 2: 4-triazine (1 g.), anhydrous 
aluminium chloride (4 g.) and dry benzene (50 c.c.) were refluxed for 4 hr. N-Hydrochloric acid 
(100 c.c.) precipitated an insoluble product which, after crystallisation from ethanol, gave yellow 
plates of 3 : x-diphenylbenzo-1 : 2 : 4-triazine (0-1 g., 7-4%), m. p. 133° (Found: C, 79-5; H, 
4-6. Calc. for C,,H,,N,: C, 80-5; H, 4-6%). 

8-Hydroxy-3-phenylbenzo-1 : 2 : 4-triazine —8-Methoxy-3-phenylbenzo-1 : 2: 4-triazine (0-15 
g.) and hydrobromic acid (10 c.c.; d 1-46) were refluxed under nitrogen for 45 min. 2Nn-Sodium 
hydroxide was added to give pH 4—5 and the solution was extracted continuously with benzene. 
Extraction of the benzene solution with 2N-sodium hydroxide gave a red solution from which 
8-hydroxy-3-phenylbenzo-1 : 2: 4-triazine (0-07 g., 49%) was isolated by acidification with 
acetic acid, extraction with chloroform, and evaporation of the dry (Na,SO,) extract. It formed 
yellow needles, m. p. 178—179° (Found: C, 68-2; H, 4-3; N, 18-6. Calc. for C,,H,ON,: C 
69-9; H, 4-1; N, 18-8%), from benzene—light petroleum (b. p. 60—80°). 

3-p-Chlorophenyl-8-hydroxybenzo-1 : 2 : 4-triazine.—3-p-Chlorophenyl-8-methoxybenzo- 
1: 2: 4-triazine (2 g.) and hydrobromic acid (100 c.c.; d 1-46) were refluxed for 30 min. and then 
poured into water. Crystallisation of the product from ethanol gave 3-p-chlorophenyl-8- 
hydroxybenzo-1 : 2: 4-triazine (0-37 g., 19-5%). It formed yellow needles, m. p. 248—249° 
(Found : C, 60-2; H, 2-8. C,,H,ON,Cl requires C, 60-6; H, 3-1%), from ethyl acetate. 

6-A mino-3-phenylbenzo-1 : 2 : 4-triazine—N-Benzoyl-N’-2 : 4-dinitrophenylhydrazine (2 g.) 
was hydrogenated in ethyl acetate in the presence of 5% palladium-charcoal (2 g.). After 
filtration the combined filtrate and washings, which rapidly reddened, were evaporated to small 
bulk, yellow crystals [0-27 g.; m. p. 246—247° (decomp.)] separating. Recrystallisation from 
methanol gave yellow needles of the amine, m. p. 251—252° (decomp.) (Found: C, 71-3; H, 
4-4. Calc. for C,;H,)N,: C, 70:3; H, 45%). Similarly 6-nitro-3-phenylbenzo-1 : 2 : 4-tri- 
azine with the anhydrous stannous chloride reagent 15 (15 min. at 95°) gave 6-amino-3-pheny]l- 
benzo-1 : 2: 4-triazine, m. p. and mixed m. p. 251—252°. 

Nitration of 3-Benzamidobenzo-1 : 2: 4-triazine 1-Oxide.—Fuming nitric acid (5 c.c.) was 
added in 5—10 min. to a solution, at 0—5°, of the oxide (0-5 g.) in concentrated sulphuric acid 
(5c.c.). After being stirred for 24 hr. at room temperature the mixture was poured into water. 
One recrystallisation of the product from aqueous dioxan gave 3-m-nitrobenzamidobenzo-1 : 2 : 4- 
triazine 1-oxide (0-26 g.), m. p. 233—237°. Hydrolysis with concentrated hydrochloric acid 
(5 c.c., refluxed for 1 hr.) gave 3-aminobenzo-1 : 2 : 4-triazine l-oxide and m-nitrobenzoic acid, 
each identified by a mixed m. p. determination. 

Nitration of 3-Aminobenzo-1 : 2: 4-triazine 1-Oxide——The oxide (5 g.) in concentrated 
sulphuric acid (50 c.c.) was treated with 15 c.c. of a nitrating mixture [from concentrated 
sulphuric acid (22-5 c.c.) and nitric acid (2-5 c.c., d 1-48)] and heated on the water bath for 30 min. 
Pouring on ice and recrystallisation of the product (5-74 g., 90%), m. p. 287—-289° (decomp.), 


18 Oxley, Partridge, and Short, J., 1947, 1110. 
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from dioxan gave yellow needles of 3-amino-x-nitrobenzo-1 : 2: 4-triazine 1-oxide, m. p. 291— 
292° (decomp.) (Found : C, 40-3; H, 2-3. C,;H;O;N;, requires C, 40-6; H, 2-4%). 

3: x-Diaminobenzo-1 : 2 : 4-triazine.—Hydrogenation of the nitro-compound (0-5 g.) as a 
suspension in ethanol (250 c.c.) with 30% palladium-—charcoal (50 mg.) gave, after 4 mols. had 
been absorbed, a pale yellow solution. After filtration the filtrate, which rapidly reddened, 
was evaporated under a vacuum. Recrystallisation of the residue (0-34 g.) from water gave 
small red needles of the diamine. It darkened at 250° and became black at 260—262°. 
Diazotised and coupled with alkaline §-naphthol it gave a red dye. The monoacetyl derivative 
(Found: C, 53-0; H, 4:7. C,H,ON, requires C, 53-2; H, 4-5%) separated as a yellow powder 
from dilute acetic acid; it became brown at about 270° and blackened above 293°. 


We are indebted to the Medical Research Council fora maintenance grant, and to the 
Chemical Society and Exeter University for financial aid. 
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624. Kinetics of the Demethylation of Some Fluorophenyltrimethyl- 
ammonium Iodides by Sodium Methoxide in Absolute Methanol. 


By C. W. L. Bevan and G. C. BYE. 


The kinetics of the demethylation of R-phenyltrimethylammonium 
iodides by sodium methoxide in absolute methanol has been studied where R 
is o-F, m-F, p-F, H, and p-Me. Arrhenius parameters are recorded and the 
polar influences of the fluoro-group are discussed. 


WHILE investigating the influence of various groups on aromatic nucleophilic replacement 
it was found that when the three isomeric fluorophenyltrimethylammonium iodides react 
with methoxide ion the result is demethylation and not replacement of fluorine.’ Rate 
constants and Arrhenius parameters (kg = B exp —E/RT) are assembled in Tables 1 and 5. 


TABLE 1. Rate constants at 80-91° and Arrhenius parameters for aryltrimethylammonium 
iodides and sodium methoxide. 


Aryl 104k, (1. sec.-! mole!) E (kcal. mole!) 10-'*B (1. sec.-? mole!) Relative rates 
OLE csesecccsevessece 53-0 30-51 3-6 12-1 
WCF gF .cccccccccecces 17-1 31-76 6-8 3-90 
RTE, bncsene 7-74 32-55 9-5 1:76 
WU: sishiineimnwsisherteneen 4-39 32-70 6-7 1-00 
PCH Me .....ccccccceee 2-67 33-33 9-8 0-61 


TABLE 2. Effect of variation of initial concentrations of the reactants on second-order 
rate constants. 
Reaction between m-fluorophenyltrimethylammonium iodide and sodium methoxide 


at 80-91°. 
RE EE |. - sctnrnmitianedssivinckehincwineasnprarbinareees 0-060 0-060 0-082 0-117 
Initial molarities (approx.) : 
BOUIN] cove cscccccccceccscoccscncccssessesscenconsesesssce 0-040 0-020 0-041 0-080 
BERET Ciisccnssbcunncevencndinedneiestiledetiinbbhesbinsceion 0-020 0-040 0-041 0-037 
IMR, (1. 200.72 moke®) .....ccccccccccccccccscesvcccssccccsens 1-71 1-71 1-38 1-25 


The reactions are of the type investigated some time ago by Hughes, Ingold, and their 
collaborators,? and second-order kinetics were established in the usual way (cf. Experi- 
mental section and Table 2). Activation energies are ~10 kcal. mole! and frequency 

1 Bunnett, Noble, Ryason, Tonkin, and Zahler, J]. Amer. Chem. Soc., 1953, 75, 642; Bye, Ph.D. 


Thesis, London, 1954. 
* E.g., Hughes, Ingold, and Patel, J., 1933, 526. 
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factors ~10° times greater than values for a reaction between an ion and a neutral molecule ; 
these effects and the sensitivity to ionic strength of the medium would be expected 


-C,H,F*NMe,*I- + OMe- ——® C,H,F-NMe,-+Me,O+I- . . . . . (I) 


(cf. Frost and Pearson *) since the reaction involves the formation of a neutral transition 
state from two ions, as in (2) : 


+ 6+ 6— ee 
C,H,R-NMe, +- :OMe~ —— C,H,R-N...C...OMe —— C,H,R°-NMe, + Me.O . . (2) 
Me, H, 


In support of this mechanism the electron-releasing methyl group retards the reaction. It 
is reasonable to assume that from all three positions fluorine facilitates the reaction by 
electron-attraction. The possible electronic effects of fluorine which reach the quaternary 
nitrogen atom by an inductive displacement in the bond which links it to the phenyl 
nucleus are as follows: (1) A combined inductive and inductomeric effect damped in the 
usual way by passage along the carbon skeleton.* (2) An inductive development on the 
carbon atom linked to fluorine of a positive charge which is transmitted to the nucleus by 
a tautomeric mechanism with second-order relay to meta-positions. (3) Mesomeric release, 
producing negative charge at ortho- and para-positions with again second-order relay to 
meta-positions. This effect will be more important in the ground than in the transition 
state where the positive nitrogen is partially: neutralised (cf. Baker and Hopkins: +E 
effect 5). (4) The fluorine atom exerts a field effect,* consequent on the small degree of 
screening of the fluorine nucleus, and this would produce positive charges decreasing in the 
order ortho > meta > para. 

From the results it may be inferred that the electron-attracting power of fluorine falls 
off progressively as it is moved further away from the seat of reaction, as it would if only 
effects (1) and/or (4) operated. Evidently effect (2) is approximately cancelled by 
effect (3), for if the former predominated the sequence of activating power on the basis of 
reaction rates would be o-F > p-F > m-F or even 0-F ~ p-F > m-F, but not the observed 
clear-cut sequence o-F > m-F > p-F. It seems reasonable to assume that effect (1) will 
become less intense by a constant factor after transmission through each bond. Therefore 
if, as Roberts and his collaborators suggested,’ effect (2) does not exist and effect (1) 
operates alone, then the ratio k,.»/km» should be equal to km»/kp». The existence of 
the mesomeric effect (3) makes this impossible since it will reduce the reactivity at the 
ortho- and para-positions by about the same amount and affect the meta-position to a 
smaller extent; therefore the ratio k,.~/Rm-» should be less than the ratio Rmp/R,;. In 
fact in these reactions the former ratio at 80-91° (53-0/17-1 = 3-10) is greater than the 
latter (17-1/7-74 = 2-21), indicating that the para-position is more activated than would 
be expected on the basis of effects (1) and (3) only, acting in competition, and therefore that 
the inductive effect is, in part, transmitted by a conjugative mechanism. 

Alternatively, as suggested by Ingold,® these results may be explained as due to the 
existence of a short-range field effect exerted by the fluorine atom which would have a 
greater influence on the reaction rate in o-fluorophenyltrimethylammonium iodide than in 
the m- and g-isomers and would increase the ratio k,.»/km.p to a value greater than that 
which it would have if only chain-transmitted effects operated. 


EXPERIMENTAL 


Materials.—o-, m-, and p-Fluorophenyltrimethylammonium iodide were prepared from the 
primary amines. A mixture of freshly distilled amine (1-2 g.), sodium hydroxide (1-3 g.), 

3 Frost and Pearson, ‘‘ Kinetics and Mechanism,”’ Wiley, New York, 1953, pp. 138—139. 

* Kenner, Proc. Roy. Soc., 1946, 185, A, 119. 

5 Baker and Hopkins, J., 1949, 1089. 

* Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,’’ G. Bell and Sons Ltd., London, 
1953. 

7 Roberts, Clement, and Drysdale, J. Amer. Chem. Soc., 1951, 78, 2181. 
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methyl iodide (2-2 ml.), and water (2-0 ml.) was cooled in ice-salt and sealed in a Pyrex tube. 
After the initial reaction, started by allowing the mixture to warm to 20°, had subsided, the tube 
was placed in boiling water for 4 hr. After being cooled the mixture was filtered and the 
crystals of quaternary iodide were recrystallised once from water and twice from 95% methanol. 
Results are summarised in Table 3. 


TABLE 3. Aryltrimethylammonium iodides. 
Found (%) 


c-— “~ ~ Reqd. 
Aryl Yield (°%) * Decomp. f at Cc H N Ie (footnote) 
OTE svcecesreccresiesees 56 230 38-4 4:8 5-1 73 a 
BE la kascsnscssveccocesecs 69 183 38-8 4-7 71 a 
DEE ssbissprateetonienaie 76 240 383 45 485 69 a 
PCT Me  ...cecccccccccces. 63 220 43-3 5-6 —- - b 
* After first recrystn. + At l atm. 


(a) C,H,NIF requires C, 38-5; H, 4-7; N, 5-0; F, 68%. (b) CygH,,NI requires C, 43-3; H, 5-8% 


TABLE 4. Determination of rate constants. Reaction of o-fluorophenyltrimethyl- 
ammonium iodide with sodium methoxide in absolute methanol. 
Initially [Halide] = 0-020m, [NaQMe] = 0-040mM. Temp. 90-85 


Concns. expressed in ml. of 0-01095N-NaOEt per 4-75 ml. of solution. Rate constants (k,) in 
1. sec.-? mole“. 


BGI.) .. cccacsccescceeesssice 0 8-00 10-00 12-0 14-0 17-0 20-0 23-0 
FRREIEE) — weseccccccccccscs 16-18 14-45 14-13 13-84 13-52 13-18 12-85 12-43 
a Pre 7-33 5-60 5-28 4-99 4-67 4-33 4-00 3-58 
NR endintecccecscccestcsoves - 1-60 1-57 1-56 1-58 1-55 1-53 1-61 
FOR)  . oxccccnvepuendesovnse 26-0 29-0 32-0 35-0 38-0 41-0 
FRUEIEEL —svcknccccnsnenscts 12-24 11-93 li 74 11-54 11-32 11-13 8-85 
Bo ear 3-39 3-08 2-89 2-69 2-47 2-28 0-00 
DTA withcncniiasunnankninans 1-55 1-58 1-56 1-55 1-57 1-58 
Mean k, = 1-57 x 107°. 
Corr. for solvent expansion (17—91°), k, = 1-73 x 10°. 


TaBLe 5. Rate constants for aryltrimethylammonium iodides and sodium methoxide 
in absolute methanol. 


Initial concns.: [NaOMe] = ~0-040m, [Halide] = ~0-020m. 














Ph p-CoHF 
Aryl o- —__— A. —__— “~ ee en, 
Temp. .....- 69-77° 95-29° 58- 58° 68- 91° 80-69° 91-93° 
Ba ssccxcssecee 971x105 269x103 344x105 152 x 10* 750 x 10 3-13 x 10° 
m-CgH,F p-C,H,Me 
Aryl ia emtcipentiniatidie a shoei ceeeemssitiniesssincin, a A 
Temp. ...... 58-27° 69-15° 80-91° 91-39° “69: 68° 95- 24° 
Bg, swcnsenseese 780 x 105 3-59x 10* 171x103 622x 10% 566 105 1-68 x 10° 
0- 
Aryl inc stiadliiesinla tas Rs: de ' mas 
Temp. ...... 58-37° 69: 60° 80-63° 90-85° 
Rg cavenesessee 277 x 10* 1-28x 10° 514x 10° 1-73 x 10° 


Trimethylphenylammonium iodide was obtained by refluxing dimethylaniline with an 
equivalent amount of methyl iodide in methanol, recrystallised twice from 95% methanol, and 
then decomposed at 230° (Found: C, 41-5; H, 5-35. Calc. forC,H,,NI: C, 41-1; H, 5-4%). 

Methanol was dried as described by Vogel,® and stored under dry nitrogen. 

Thermostat temperatures were constant within +0-02°. 

Kinetic Methods.—The method of sealed tubes was used and reactions were followed by 
analysing samples for residual methoxide. Sample tubes were rapidly cooled after known 
times. Their contents were washed with carbon dioxide-free distilled water into a definite 
excess of standard hydrochloric acid. Excess of acid was determined by titration with standard 
sodium ethoxide solution, in an atmosphere of nitrogen, to bromothymol-blue. In view of the 
sensitivity of these reactions to the ionic strength of the medium, solutions used in runs for the 


8 Vogel, ‘‘ Textbook of Practical Organic Chemistry,’’ Longmans, Green, London, 1948, p. 168. 
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determination of Arrhenius parameters were made up to give the same initial concentrations of 
reactants, and samples were taken over the same range of reaction (30—70%). 

“ Infinity tubes ’’ were used to ascertain that, with reagent concentrations as in the Tables, 
one mole of quaternary iodide consumed one mole of methoxide in a time equal to twelve times 
the measured half-life of each reaction. 

Analyses of Products.—Analyses were carried out on contents of some of the “ infinity 
tubes.’’ The contents were just acidified with hydrochloric acid and concentrated on a water- 
bath, then a hot concentrated solution of picric acid in methanol was added. After cooling, the 
picrate was filtered off and recrystallised from methyl alcohol. o-Fluorophenyltrimethy]l- 
ammonium iodide yielded o-fluorodimethylaniline picrate, m. p. 126—128° (Braun and 
Rudolph ® recorded 131°) (Found: C, 45-8; H, 3-8; N, 15-4; F, 5-1. Calc. for C,H,,NFI: C, 
45-7; H, 3-6; N, 15-2; F, 52%). m-Fluorophenyltrimethylammonium iodide yielded 
m-fluorodimethylaniline picrate, m. p. 184—186° (Found : C, 46-0; H, 3-6; N, 15-3; F, 4-9%). 
p-Fluorophenyltrimethylammonium iodide yielded p-fluorodimethylaniline picrate, m. p. 150° 
(Schiemann and Winkelmiiller }° recorded 151-5°) (Found: C, 46-4; H, 3-7; N, 15-0; F, 
5-0%). Trimethylphenylammonium iodide yielded dimethylaniline picrate, m. p. and mixed 
m. p. 159° (Hodgson and Kershaw 1! recorded 159°). Trimethyl-p-tolylammonium iodide 
yielded NN-dimethyl-p-toluidine picrate, m. p. and mixed m. p. 127° (Hodgson and Kershaw ! 
recorded 128°). 


The authors thank Professor M. Stacey, F.R.S., for the fluorine analyses and one of them 
(G. C. B.) thanks the Council of the University of Exeter for a Scholarship. 
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® Braun and Rudolph, Ber., 1931, 64, 2469. 
10 Schiemann and Winkelmiiller, Ber., 1933, 66, 731. 
11 Hodgson and Kershaw, /., 1930, 277. 


625. The Heat of Dilution of Aqueous Uranyl Acetate Solutions. 
By (Miss) B. C. L. SALMAN and A. G. WHITE. 


The heat of dilution of aqueous uranyl acetate solutions at 25° has been 
measured over a concentration range 0-17—0-00002 molal. The results are 
discussed in terms of the complex-ion formation and hydrolysis processes. 


TueE heat of dilution of uranyl salt solutions has not previously been reported. Heats of 
dilution of strong electrolytes are, in general, adequately represented in dilute solutions by 
expressions derived from the Debye—Hiickel theory.1_ For uranyl acetate, however, there 
is evidence ? of strong complex formation between acetate and urany] ions and, in addition, 
the uranyl ion is known to be extensively hydrolysed in dilute solutions. It was thus 
expected, and found, that the heats of dilution of uranyl acetate solutions differed markedly 
from theoretical predictions based on the theory of strong electrolytes. In dilute solutions 
the molar heat of dilution increases very rapidly with decreasing concentration and appears 
to approach the axis asymptotically at infinite dilution. In consequence it is impossible 
to calculate integral heats of dilution or relative apparent molal heat contents in the 
normal manner by reference to an infinitely dilute solution and an arbitrary standard 
state has to be adopted. 


EXPERIMENTAL 


Stock solutions were prepared from “‘ AnalaR ”’ uranyl acetate, and the concentrations deter- 
mined by the ammonium diuranate gravimetric method and by passage of the solution through 
a cation-exchange column in the hydrogen form with titration of the acid in the effluent. The 
two methods gave excellent agreement. 

1 Gucker, Ann. New York Acad. Sci., 1949, 51, 680. 

* Ahriand, Acta Chem. Scand., 1951, 5, 199. 

3 Hearne and White, J., 1957, 2081, 2168. 
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Water used in the preparation of the solutions and for the dilutions was doubly distilled 
and stored in a Pyrex container. 

The calorimeter (no. 1) used first consisted of a cylindrical Pyrex Dewar vessel of 70 mm. 
diameter and 700 ml. capacity which was closed with a thin rubber bung. Through the bung 
ran a glass stirrer in a guide tube and two thin-walled glass tubes which carried a thermistor 
(Standard Telephones and Cables Type F 2311/300) and an electrical heater (wound from 
manganin) of 50 ohms resistance, severally. The glass dilution pipette, of approximately 
45 ml. capacity, had ground joints at top and bottom connected internally by a length of glass 
rod so that both could be opened simultaneously by means of a waxed thread which was attached 
to the top joint and passed out of the calorimeter via a capillary tube inserted through the bung. 
A stoppered side-arm was provided for filling. The pipette was supported by means of a glass 
rod, passing through the bung, to which it was tied by means of waxed thread. 

During the work a more satisfactory calorimeter became available (no. 2). This was 
constructed from a cylindrical Pyrex Dewar vessel of 90 mm. diameter and 1200 ml. capacity, 
to the top of which a brass flange was cemented with litharge and glycerol cement. When dry 
the cemented joint was protected by a coating of Durofix. The brass lid of the calorimeter 
rested on a rubber gasket, which was inset in the flange, and was held firmly in position, giving 
a watertight seal, by means of a threaded ring cap which fitted over it and screwed on to the 
brass flange at the top of the Dewar flask. Brass tubes were fitted externally to the lid of the 
calorimeter. A central tube acted as guide to the stainless-steel stirrer which rotated in a ball-race 
fixed to the top of this tube. A short length of Perspex rod was inserted in the stirrer shaft 
at the point of entry into the calorimeter in order to prevent rapid heat conduction along the 
metal shaft, and the lower portion of the shaft carrying the paddle was made to screw into the 
Perspex insert, thus allowing its ready removal for cleaning. Through two peripheral brass 
tubes, at opposite ends of a diameter of the lid, two glass tubes passed into the calorimeter. 
One of these terminated in a thin-walled portion which contained the 50 ohms manganin 
electrical heater; the second ended just below the lid and was cemented (with Araldite cold- 
setting resin) into the open end of a stainless-steel tube, the other end of which was closed. 
This stainless steel tube served as a thermometer pocket and contained a Standard Telephones 
and Cables thermistor, type F 2311/300. A metal thermometer pocket was preferable to a 
glass one as it provides a better indication of the mean temperature of the liquid and in the 
present case was found to reduce short-term random fluctuations in the thermometer bridge 
output by a factor of 2—3. Three further brass tubes on the lid situated on radii at 120° to one 
another carried the three stainless-steel lifting rods, actuated by a screw mechanism, which were 
used to open the dilution pipette. The lifting rods ended immediately on entry into the calori- 
meter and carried short lengths of Perspex rod at their ends which could be bolted to the lid 
of the dilution pipette. The lengths of Perspex once again served to prevent rapid heat 
conduction. The dilution pipette of approximately 200 ml. capacity, which was machined 
from stainless steel, consisted of an open-ended canister, the upper opening being of greater 
diameter than the lower. This was closed by a bobbin-shaped portion, the edges being ground 
to give a liquid-tight seal. The canister had three stainless-steel rods fixed to its upper rim 
which were connected via short lengths of Perspex to the brass lid of the calorimeter. The 
upper surface of the bobbin carried three short stainless-steel pegs, which were fixed by means 
of bolts to the Perspex ends of the lifting-rods mentioned above, and in addition a smail screw- 
capped filling hole, the cap being ground to give a liquid-tight fit. The central portion of the 
bobbin was hollow and the stirrer shaft passed through it. 

In both calorimeters the stirrer was rotated at 150 r.p.m. by means of a Drayton type ROR 
induction motor. Tests with permanganate solutions and glass vessels of the same internal 
dimensions as the calorimeter indicated that in both calorimeters complete mixing of the 
solutions occurred within 30 seconds of opening the dilution pipettes. 

Temperature measurements were made with the Thermistor in a bridge circuit as described 
previously. The output from the bridge was taken to a D.C. amplifier, of the galvanometer-— 
photocell type, of variable gain, and the amplified output was then fed into a Honeywell—Brown 
potentiometer recorder, thus providing an automatic temperature-time record. 

The electrical calibration heater in the calorimeter was supplied from a constant-current 
source and automatic timing unit which switched the constant-current supply from a dummy 
load to the calorimeter heater for any preselected time from 0-5 to 5 min. (in 0-5 min. steps). 


* Hutchison and White, J. Sci. Inst., 1955, 32, 309. 
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The current was checked by measuring the potential drop across a 10 ohms standard resistor. 
The timing unit was also arranged to switch, simultaneously with the current, the output from 
a 500 c./sec. valve-maintained tuning fork to a cold cathode-scaling unit to provide a precise 
determination of the time interval. 

The calorimeters were immersed in a water-bath, the temperature of which was held constant 
within +0-01° of its nominal setting of 25°. After loading and transfer to the bath the calori- 
meter was brought almost to bath-temperature by means of its heater and was then left to 
attain thermal equilibrium, for 24 hr. in the case of calorimeter no. 1 and 48 hr. in the case of 
no. 2. A series of blank tests with water in both the calorimeter and the dilution pipette showed 
that after these times no detectable temperature change occurred on mixing. 


RESULTS AND DISCUSSION 


Table 1 presents the results of the dilutions carried out with calorimeter no. 1 and 
Table 2 those made with calorimeter no. 2. 

Integral heats of dilution are normally calculated with reference to the infinitely dilute 
solution as a standard state, and it is necessary for this purpose to be able to extrapolate 
the experimental data to zero concentration. Table 2 shows that the molar heat of 
dilution is becoming rapidly more positive as the solution is made more dilute and appears 
to be approaching the axis tangentially. This fact combined with the relative crudeness 
of the data available in the most dilute solutions makes it impossible to carry out any 


TABLE 1. Heat of dilution of uranyl acetate solutions at 25-0° (data obtained with 
calorimeter no. 1).* 


Heat Heat Heat 
Molality evolved Molality evolved Molality evolved 
Initial Final __(cal./mole) Initial Final (cal./mole) Initial Final (cal./mole) 
(0-1713  0-1577 - 21-9 9f 00352 0-00296 —210 70-1156 0-00741 —614 
10-1577 0-1439 — 24-6 “0-0352 0-00305 —204 ‘L0-1156 0-00752 —611 
1, 0°1439 0-1322 — 24-2 4f0°0896 = 0-0821 — 27-6 ( 0-00610 —57: 
) 0-1322 0-1210 — 24-9 (0-0821 0-0748 — 24-0 0-0929 0-00604 —562 
;0-1210 0-1113 — 25-5 -f0-0598 0-00362 —402 os 0-00318 —315 
0-1113 0-1023 — 25-3 “0-0598  0-00369 —374 “{0-0482 0-00316 —319 
0-0858 0-0784 — 25:1 .§0°1725 0-01102 —710 (SS 0001590 +167 
9) 90-0784 0-0716 — 30-2 10-1725 0-01118 —697 0-01729 0-001130 +193 
710-0716 0-00590 —448 
L0-0716 0-00593 — 460 


* Braces indicate series of experiments. 


TABLE 2. Heat of dilution of uranyl acetate solutions at 25-0° (data obtained 
with calorimeter no. 2).* 


Molality Heat evolved Molality Heat evolved 
Initial Final (cal. /mole) Initial Final (cal. /mole) 
0-00957 0-00245 + 23-7 { 0-1569 0-0395 — 420-4 
nf 0.0087 0-00246 + 25-6 0-0395 0-01025 — 279-0 
0-00957 0-00243 + 25-7 18< 0-01025 0-00267 —_— 
9f 0-000638 0-0001663 + 412 0-00267 0-000698 -+- 293 
“{0-0001663  0-0000438 + 777 .0-000698 0-0001822 + 435 
0-000968 0-0002482 + 221 0-1569 0-0399 — 419-7 
1240-00024 0-0000652 + 749 0-0399 0-01038 — 273-4 
0-0000652 0-0000171 +2180 194 0-01038 0-002714 + 24-6 
0-000968 0-0002522 + 279 0-002714 0-000705 + 264 
0-000968 0-0002529 + 226 0-000705 0-0001831 + 423 
15 0-000968 0-0002486 + 298 0-0552 0-01419 — 336 
0-0002486 0-0000644 + 416 20 0-01419 0-00369 — 39-4 
0-00957 0-002409 + 25-6 0-00369 0-000965 + 203 
0-002409 0-000624 + 280 L0-000965 0-000250 + 338 
164 0-000624 0-0001613 + 317 0-1613 0-0411 — 429-9 
0-0001613 0-0000421 + 967 | 0-0411 0-0305 — 101°8 
(.0-0000421 0-0000110 +1910 2] 0-0305 0-0226 — 70-5 
17 { 0-000630 0-0001644 + 338 “" ) 0-0226 0-01663 — 570 
0-01663 0-01235 — 41-4 
0-01235 0-00914 — 249 


* Braces indicate series of experiments. 
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reasonable extrapolation to m = 0 (where m is the molality). This being so, an arbitrary 
standard state of molality m* = 0-1713m (the initial molality of the first determination in 
series 1) has been selected and integral heats of dilution, AHp’, for the change m* —»> m 
have been computed. The resulting integral heats of dilution are plotted in Fig. 1 asa 


Fic. 1. Integral heat of dilution, AHp’, of uranyl acetate solutions at 25°. (Numbers indicate the 
series to which the points belong.) 
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Fic. 2. Chord plot for dilute-solution data obtained with calorimeter no. 2. (The broken line represents 


the Debye—Hiickhel limiting value.) 


function of +/m. In view of the different standard states the values of AH»y’. will differ 
from the normal integral heats of dilution AH» by a constant amount, for : 


—AHy = ¢. = ¢u — dn® 
—AHy’ = ¢u' = ¢u — ou* 
and AHp —AHpy’ = ¢1' — ¢r = ¢u° — ¢u* 
where ¢, = relative apparent molal heat content of solute in solution, ¢g = apparent 
molal heat content of solute in solution, ¢,° = apparent molal heat content of solute in 
infinitely dilute solution, and ¢,* = apparent molal heat content of solute in 0-1713m- 
solution. This fact should be noted in any comparison with data for other compounds. 


The relative partial molal heat content L, of the solute is related to the integral heat 
of dilution by the expression : 


L. = —AHy — }4/m (dAHp/dy/m) 





oo & @ th 2 @& @ oe he 6 


Se = 


we 








[1957] Aqueous Uranyl Acetate Solutions. 3201 


By using this expression, values of L,’ (based on the standard state adopted for this work) 
have been calculated from AHp’ at rounded values of 4/m. The differential term was 
obtained graphically from a large-scale plot of AH)’ against +/m. The results are set 
out in Table 3. 


TABLE 3. Relative partial molal heat content of uranyl acetate. 


14/m (dAHp’| te 44/m (dAHy’/ a 

Vm dAHp’/d\/m dim) —AHy’ CL,’ /m dAHy'/dyim dom) —AH,’ L,’ 
0-4 1330 265 18 —247 0-12 1530 92 702» 611 
0-35 1650 289 92 —197 0-1 682 34 726 © 692 
0-3 2060 309 182 —127 0-08 0 0 732 = 732 
0-25 2670 333 298 — 35 006 — 1140 — 34 720 754 
0-2 3390 339 450 lll 004 —11,800+ —236 600 836 
0-15 3170 238 620 382 0-02 «= — 33,300 f —333 216 ©5549 


t+ The slope of the AHp-+/m curve in this region is so great that these values are rough approxi- 
mations only. 


In dilute solutions the heats of dilution of electrolytes can normally be expressed by 
an equation of the form : 


—dAHp/da/m = d¢,/di/m = S° + Bi/m + Cm 


in which the value of S® can be calculated from the Debye—Hiickel theory. Hence, in 
dilute solutions the chords —AH,,/A+/m, for the molar heat of dilution AH,, from m, to 
Mg, should approach S® in the limit at 44m = 0. A chord plot for the data obtained in 
dilute solutions, and recorded in Table 2, is given in Figure 2, in which it has been necessary 
to use a logarithmic scale for the chords. It will be seen that far from approaching the 
theoretical limit (of 2480 for a 2:1 electrolyte at 25°) the chords appear to increase 
indefinitely. It is of interest to compare this behaviour with that of other salts showing 
apparent disagreement with the theoretical limit, those which have been most thoroughly 
studied being the halides of cadmium,’ the sulphates of calcium, magnesium, cadmium, 
zinc, and copper,® and lanthanum chloride and sulphate.” In the case of the cadmium 
halides and of calcium, magnesium, and cadmium sulphates there is good evidence for the 
existence of a maximum or minimum in the chord plot at very low concentrations and of 
an eventual return towards the limiting value 5 ® although in no case is the experimental 
value in the most dilute solutions closer than 2—3 times the theoretical. The evidence 
for such a maximum for zinc and copper sulphate is more doubtful though indications of 
such behaviour exist,* while the lanthanum salts show no trace of a conformity with the 
theoretical limit even at concentrations of 10¢—10-5 molal. The data for lanthanum 
sulphate are analogous to those obtained in the present work,’ the chord measured at the 
lowest concentration having 17 times the theoretical slope whereas this ratio for uranyl 
acetate is approximately 220. 

Qualitatively such behaviour is not difficult to explain, as all these metals form complex 
ions with the anions present and in some cases the salts hydrolyse. Two limiting types 
of behaviour may be envisaged, the first that of a metal which forms complex ions but 
whose salts are not hydrolysed : on dilution there will be a heat effect due to the dissociation 
of some of the complex ions which will probably be large compared with the true heat of 
dilution; as the concentration is lowered, however, the extent of association decreases 
and the contribution to the observed heat of dilution from this cause is reduced and 
eventually becomes insignificant. In this case the chord plot would be expected to show 
a maximum or minimum (according to the sign of the heat of dissociation of the complex) 
at some concentration depending on the dissociation constant of the complex ion: the 
smaller the dissociation constant the lower is the value of the concentration. The second 
type is that of a metal which forms no complexes with the anion but whose salts are 


5 Robinson and Wallace, Chem. Rev., 1942, 30, 195. 
* Idem, J. Amer. Chem. Soc., 1941, 68, 1582. 
7 Nathan, Wallace, and Robinson, ibid., 1943, 65, 790. 
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hydrolysed. Hydrolysis will then increase as the dilution increases, so that the measured 
heat effect will contain an increasing contribution from the heat of hydrolysis as the 
concentration is decreased. The chord plot would show an indefinite increase or decrease 
(depending on the sign of the heat of hydrolysis) and approach the axis asymptotically. 
The salts of calcium, magnesium, and cadmium previously examined would be expected 
to approach the first types closely and their chord plots are in agreement with this : 
the dissociation constants of the sulphates are similar § and the maxima occur at about 
the same concentrations. Copper, zinc, and lanthanum salts on the other hand are 
hydrolysed only slightly,*! and the metal ions form complexes with their respective 
anions: their behaviour should thus be intermediate between the first and the second 
type and this may account for the absence of a maximum or minimum in the chord plot. 
Lanthanum sulphate provides the largest deviations from the theoretical although it is 
less strongly hydrolysed than copper and zinc salts, and it is noteworthy that in this case 
the dissociation constant of the sulphate complex ! is 20 times smaller than those for 
copper and zinc. With uranyl acetate not only is there strong complex-formation of 
the uranyl ion with acetate ion,” but in dilute solutions hydrolysis is extensive, being very 
much greater? than for any of the metals previously studied ; 1" hence its dilute solution 
behaviour would be expected to tend markedly to that of the second type, as found. 


We are indebted to Mr. E. W. Pulsford of Electronics Division, A.E.R.E., for the design and 
construction of the D.C. amplifier, constant-current source, and automatic timing unit. 


CHEMISTRY Division, ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, NEAR DrpcoT, BERKS. [Received, February 22nd, 1957.) 
8 Harned and Owen, “ Physical Chemistry of Electrolytic Solutions,’’ Reinhold Publ. Corp., New 
York, 1943, p. 147. 
® Owen and Gurry, J. Amer. Chem. Soc., 1938, 60, 3074. 
1© Jones and Monk, Trans. Faraday Soc., 1952, 48, 929. 
11 Davies, J., 1951, 1256. 


626. Solvent Extraction Studies. Part I. Nitric Acid Species in 
“* Dibutylcarbitol ” (Diethylene Glycol Dibutyl Ether). 


By D. G. Tuck. 


The extraction coefficient for the partition of nitric acid between water 
and dibutylcarbitol has been measured up to an equilibrium aqueous-phase 
concentration of 7M. From the changes in volume of the organic phase, it 
has been found that the species extracted is HNO,,H,O. A consideration of 
the thermodynamic partition coefficient, together with direct chemical 
evidence and infrared absorption spectra, shows that a hydrogen-bonded 
complex is formed between the nitric acid monohydrate and the solvent. 
At high nitric acid concentrations in the organic phase (above ~3m), addition 
of nitric acid takes place at a second ethereal oxygen atom of dibutylcarbitol. 


DuRING work ! on the ion-exchange behaviour of solutions of quadrivalent plutonium in 
dibutylcarbitol (diethylene glycol dibutyl ether), it became necessary to obtain information 
on the behaviour of nitric acid in this solvent. The results have shown that the extraction 
of this acid is not a simple case of distribution between two immiscible solvents, but that 
the complex-forming property of the solvent is an important factor. 


EXPERIMENTAL 
Reagents.—Suitable quantities of nitric acid of analytical grade were diluted some time 
before use and allowed to cool to room temperature (~21°), at which all experiments were 


1 Tuck and Welch, unpublished work. 
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performed. Acid concentrations were determined by titration against standard sodium hydr- 
oxide solution. 

Dibutylcarbitol was passed slowly down a 12” column of chromatographic alumina to 
remove peroxides.?, The eluate was shaken with sodium carbonate to remove any remaining 
acidic impurities and then washed twice with water. The final product was stored over 
anhydrous calcium chloride in a dark bottle. 

Measurement of Acidity and Volume Changes.—The changes in both acidity and volume 
associated with the extraction of nitric acid, were measured in a series of equilibrium experi- 
ments. Five ml. of nitric acid of known strength were pipetted into a 10 ml. graduated measur- 
ing cylinder; 5 ml. of dibutylcarbitol were then carefully pipetted on to the aqueous phase 
without disturbing the surface of the latter. The menisci at the liquid-liquid interface and 
air—dibutylcarbitol surface were immediately noted. The stoppered cylinder was shaken 
vigorously for 5 min. and left to reach equilibrium; the solutions were stored in the dark during 
this period in order to minimise peroxide formation. The menisci at equilibrium were read 
before removal of aliquot parts of each phase for titration against standard alkali. For samples 
of the organic phase, the aliquot parts (1 ml.) were dissolved in about 25 ml. of neutralised 
aqueous acetone before titration. Phenolphthalein appears to be the best indicator for use 
with such mixtures. In all these experiments small corrections were made for slight reductions 
in total volume due to hold-up of liquid in the stoppered neck of the measuring cylinder. A 
100% acidity balance was achieved in practically every experiment. 

Density Measurements.—In order to be able to express concentrations of nitric acid in the 
solvent in molal units, density determinations were made on such solutions. The method was 
simply to weigh, by difference, the amount of solution held in a calibrated micropipette 
(capacity 490-2 ul.). 

Preparation of Dibutylcarbitol—Nitric Acid Complex.—The existence of a complex of dibutyl- 
carbitol and nitric acid has been investigated, a solution of aqueous nitric acid corresponding 
to the formula HNO,,H,O being used (see Discussion). This solution was added cautiously to 
pure dry dibutylcarbitol, to the point of exact maximum solubility as found by preliminary 
experiments, giving a homogeneous solution. Analysis for nitric acid also gave the water 
content, and hence the amount of dibutylcarbitol by difference (Found : HNO,, 22; H,O, 6-3; 
dibutylcarbitol, 71-7%; a 1:1: 1 complex requires HNO,, 21-2; H,O, 6-0; dibutylcarbitol, 
72-99%). The homogeneous solution was stable for several weeks; solutions in contact with a 
slight excess of 18-2M-aqueous nitric acid were extremely unstable, decomposing spontaneously 
after 2—3 hr., with violent evolution of nitrous fumes. The complex remains liquid at —78°, 
but freezes to a clear solid when placed in liquid nitrogen, melting quickly on warming. 

Infrared Spectra——Changes in the infrared spectrum of dibutylcarbitol as a result of 
extraction of nitric acid and of complex formation were measured with a Perkin-Elmer single- 
beam spectrometer. 


RESULTS AND DISCUSSION 
Extraction Coefficients : Volume Changes.—The main results of the equilibrium experi- 


ments are given in Table 1. The values of the extraction coefficient are calculated as : 


E molar concentration of HNO, in organic phase 
‘HNO, = —_— —_ 
F ” i aqueous 





” 


The value of E becomes constant above an equilibrium aqueous phase concentration of about 
4-2M. 

The dependence of the volume change of the organic phase upon the total amount of acid 
extracted in shown in Fig. 1. A linear relation holds over the whole acidity range studied, 
and the slope of the graph shows that the solution passing into the organic phase contains 
18-1 mmoles of HNO, per ml., corresponding to 1-14 g. of HNO, per ml. (78-8% nitric 
acid *). This identifies the species extracted as HNO,,H,O; a solution of this composition 
contains 77-8°% nitric acid, in good agreement with the value found. 


? Dasler and Bauer, Ind. Eng. Chem., 1946, 18, 52. 


% “Handbook of Chemistry and Physics,’’ Chemical Rubber Publ. Co., Cleveland, Ohio, 1949, 
p. 1616. 
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Sutton * found a similar result for the extraction of nitric acid into diethyl ether, by an 
argument which is complicated by the high solubility of the ether in aqueous nitric acid. 
It is clear from Fig. 1 that this is not a significant factor in the present work and in fact the 


TABLE 1. Extraction of mitric acid into dibutylcarbitol. 


Initial aque- Final aque- Final organic Initial aque- Final aque- Final organic 

ous HNO, ous HNO, HNO, ous HNO, ous HNO, HNO, 

concn. (Mm) concn. (mM) concn. (mM) Exo, concn. (mM) conen.(M) concn.(M) Eno, 
0 0 0 — 4-87 3-40 1-71 0-503 
0-50 0-48 0-014 0-029 6-18 4-24 2-26 0-546 
1-00 0-87 0-096 0-110 7-01 4-83 2-62 0-543 
1-61 1-32 0-265 0-200 7-89 5-48 3-01 0-548 
1-99 1-58 0-417 0-264 8-95 6-26 3-40 0-544 
3-08 2-24 0-85 0-381 10-25 7°27 3-92 0-539 
4-01 2-84 1-30 0-457 


volume change for mutual saturation (.e., nitric acid concentration = 0) fits well with the 
other results. These conclusions are in agreement with the postulate of the monohydrate as 
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Fic. 1. Volume changes in dibutylcarbitol 
due to extraction of nitric acid. 
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the only stable undissociated species in concentrated aqueous solution of nitric acid,> and 
suggests that it may also exist in dilute solutions. 

Density of Dibutylcarbitol Solutions of Nitric Acid.—The experimentally determined 
densities are given in Table 2. Over the whole acidity range studied, the results are in 
good agreement with the linear relation, d = 0-885 + 0-0388c, where d is the density of the 
solution and ¢ the molar concentration of nitric acid. The significance of this linearity is 
discussed below. Molal concentrations of nitric acid in dibutylcarbitol were calculated 
from these results. 


TABLE 2. The density of dibutylcarbitol solutions of nitric acid. 


HNO, concn. (M)  ......eeeee. 0 0-27 0-51 1-44 2-40 3-17 4-00 
ag. ASS eee 0-886 0-892 0-901 0-928 0-970 0-994 1-021 


Nitric Acid—Dibutylcarbitol Complex.—The solubility of nitric acid in diethyl ether has 
been attributed ® to the formation of a hydrogen-bonded complex — --+ H-O-NO,, 


=~ 


although this formula must be regarded as somewhat inadequate since no allowance is made 
for the hydrate of nitric acid. For the extraction of nitric acid into tri-n-butyl phosphate 
(TBP), it has been shown that the compound TBP,HNO, is the prevalent species,’ although 


Sutton, U.K.A.E.A. report A.E.R.E. C/R 516. 

Gillespie and Millen, Quart. Rev., 1948, 2, 277; see also Redlich, Chem. Rev., 1946, 39, 333. 
Desmaroux, Dalmon, and Vandoni, Compt. rend., 1942, 214, 352. 

Alcock, Grimley, Healy, Kennedy, and McKay, Trans. Faraday Soc., 1956, 52, 39. 
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there is also evidence for TBP,H,O and TBP,HNO,,H,O. Since the nitric acid mono- 
hydrate is written ° as SO -+ + H-O-NO,, it appears that the complex of dibutylcarbitol 
and nitric acid monohydrate is to be written as doubly hydrogen-bonded : 


BuO-C,H.\ 
J eee H\ 
BuO-C,H, ” ,O---H-O-NO, 

Infrared absorption spectra show that the absorption peak at 1124 cm.-! due to the 
ethereal oxygen linkage in dibutylcarbitol is shifted to a wavelength lower by about 
20 cm.“ in the complex. Solutions of dibutylcarbitol prepared by solvent-extraction, 
show a smaller shift in frequency, corresponding to solutions of the complex in pure solvent. 
The absorption due to the hydroxyl group in nitric acid is absent in such solutions, and in 
the complex, in agreement with the presence of the hydrate. 

Extraction Coefficient: Further Considerations.—As well as the extraction coefficient 
discussed above, one can equally define a thermodynamic partition coefficient as 


Ky = MigyelMufn = 2 se tl tl el el ele CLD 


where mpyp is the activity of nitric acid in the organic phase and m,y, the activity of 
undissociated nitric acid in aqueous solution. There now seems to be reasonable agree- 
ment * ** that the ionisation constant for nitric acid is approximately 21, so that 


a? ae 
whence, by substitution into (1), we obtain 
% = Kaa *y,"aim «6 lt lc we & 


This gives a method of measuring the activity coefficient of undissociated nitric acid in 
dibutylcarbitol. Values calculated on this basis are given in Table 3. (Values of m,y, 
for aqueous nitric acid are from Landolt—Bérnstein 1; see also McKay.§) From these 
results, one notes that the thermodynamic partition coefficient for high nitric acid con- 


TABLE 3. Apparent activity of nitric acid in dibutylcarhitol. 


Big’ * sivecs 0-029 0-108 0-193 0-255 0-365 0-436 0-477 0-501 0-505 0-506 0-484 0-475 
msz*y42... 0-122 0-412 1-036 1-584 3-87 7-61 13:26 27-19 41-66 64-4 105-0 185-7 
Vg veneccens 0-012 0-022 0-036 0-045 0-0765 0-116 0-166 0-266 0-352 0-464 0-635 0-936 


centrations is not constant. It is difficult to believe that the calculated values for yg are 
in fact correct since they imply a strong dissociation over the whole concentration range. 
It can be shown that the validity of this argument is not dependent upon the value chosen 
for the dissociation constant of nitric acid in aqueous solution. 

McKay and his collaborators? have shown that the extraction of nitric acid into 
tributyl phosphate is governed by formation of a TBP-nitric acid complex. The experi- 
mental evidence discussed above suggests that this treatment should also be applicable to 
the present system, so that one can write : 


(Complex]/[HNO ;,H,O}[Dibutylcarbitol] = Constant . . . (4) 


In this relation, [complex] is the concentration of the HNO,,H,O,DBC species and 

(dibutylcarbitol] the concentration of uncomplexed solvent. The values given in Table 4 

are the total number of mmoles of each species, with [Complex] = [HNOsglorg.. The mole 

ratios calculated in this way have been plotted against the m,*y,? values given in Table 3 
®§ McKay, ibid., p. 1568. 


* Hood, Redlich, and Reilly, J]. Chem. Phys., 1954, 22, 2067. 
© Landolt—Bérnstein, ‘‘ Tabellen,’’ Erganzungsband II, p. 2145. 
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(Fig. 2). The resulting straight line (slope = 1 on the log-log plot) shows that equation (4) 
holds over the greater part of the concentration range studied. Above nitric acid con- 
centrations of about 3M in the organic phase, deviations become appreciable and indeed, 


TABLE 4. Data for complex formation between nitric acid and dibutylcarbitol. 








Total uncom- Total uncom- 

Total plexed dibutyl- Total _ plexed dibutyl- . 
complex carbitol Complex complex carbitol Complex 
(mmoles) (mmoles) Uncomplexed solvent (mmoles) (mmoles) Uncomplexed solvent 

0-07 20-25 3-46 x 10° 9-42 11-10 0-848 

0-48 19-84 2-42 x 10° 12-9 7-4 1-74 

1-33 18-99 7-02 x 10° 15-3 5-0 3-06 

2-11 18-21 0-116 18-0 2-3 7-84 

4-42 15-90 0-278 21-1 —0-78 - 

7-01 13-31 0-527 24-9 —3-6 - 


above this, negative amounts of free dibutylcarbitol are calculated (see Table 4). There 
are two possible explanations : either a complex is being formed between dibutylcarbitol 
and unhydrated HNO,, or else addition of HNO,,H,O is taking place at a second oxygen 


| Pa 


o lic. 2. Complex formaiion between 
dibutylcarbitol and nitric acid. 





Mole ratio, comp jex/uncomplexed so/vent 


of an already complexed dibutylcarbitol molecule. For complete formation of the 
HNO,,H,O,DBC complex, the concentration of uncomplexed dibutylcarbitol is obviously 
zero, so that the negative values found in Table 4 are in fact to be expected if the latter 
explanation is correct. Further, since there appear to be no deviations from linearity 
either in the volume increases (Fig. 1) or in the density increases (Table 2) for high nitric 
acid concentrations, it seems that processes involving nitric acid species other than 
HNO,,H,O can be eliminated. These results in Table 4 which show the type of deviation 
in question are insufficient to establish any relation similar to equation (4) for the formation 
of molecules such as DBC,(HNO,,H,0),. 

Deviations from equation (4) in regions of low nitric acid concentration do not become 
significant until the organic phase acidity falls below 0-Im. Such deviations can be 
ascribed to dissociation of the complex, but it is not possible to distinguish between the 
formation of free dibutycarbitol and nitric acid, and the formation of a nitrate ion and a 
solvated H,O* ion. From the deviations of the two lowest results, dissociation constants 
of about 5 x 10° and 10+ (respectively) are found, but in this region the experimental 
results are rather inaccurate. In general, it appears that dissociation is unimportant over 
the range of nitric acid concentrations studied. 


Infrared measurements were carried out by E. Hughes. This paper is published by 
permission of the Managing Director, Industrial Group, United Kingdom Atomic Energy 
Authortiy. 


CHEMICAL SERVICES DEPARTMENT, UNITED KiInGpom Atomic ENERGY AvuTHoRITyY (I.G.), 
WINDSCALE WoRKS, CUMBERLAND. [Received, March 8th, 1957.] 
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627. Purines, Pyrimidines, and Glyoxalines. Part VI.* Some 
5-Aryl(or alkyl)sulphonyluracils. 
By M. R. Atkinson, G. SHAw, and (Mrs.) G. SuGowpz. 


Several 5-aryl(or alkyl)sulphonyluracils (IV) have been prepared by the 
reaction of ammonia or primary amines with the «-aryl(or alkyl)sulphonyl-8- 
ethoxy-N-ethoxycarbonylacrylamides (II; R = X*SO,, R’ = H or Me). 


THE synthesis of substituted uracils by reaction of ammonia or a primary amine with a 
linear acylurethane of type (II) has been shown ! to be successful with the compounds (II; 
R = R’ = H;* andR = CN, R’ = H, Me). We now report an extension of this reaction 
to the synthesis of some 5-aryl(or alkyl)sulphonyluracils (IV) as part of our antimetabolite 
studies. Analogous 6-sulphonyluracils have recently been shown to inhibit lymphomas 
and the sarcoma 180 in mice.” 


R*SO 
R-CH,-CO-NR”CO,Et R-C(:CH-OEt)-CO-NR’-CO, Et “ ° 
(I) (II) OG 
ese )*CO-NH-CO,Et R'N NR” 
(IIT) Ye (IV) 


p-Tolylsulphonylacetylurethane (I; R = p-Cg,H,Me’SO,;, R’ =H), prepared by 
reaction of sodium toluene-f-sulphinate with chloroacetylurethane,® reacted slowly with 
an excess of ethyl orthoformate and acetic anhydride to give a good yield of the ethoxy- 
methylene derivative (Il; R = -C,H,MeSO,, R’ =H). With aqueous ammonia, 
methylamine, or an alkaline solution of glycine this gave the corresponding /-tolylsul- 
phonyluracil (IV; R = #-tolyl, R’ = H, Me, and CH,°CO,H, R’ = H). With aniline 
and phenylhydrazine in ethanol or benzene the ethoxymethylene derivative gave the 
linear aminomethylene compounds (III; R= Ph and Ph-NH respectively). These 
cyclised to the sulphonyluracils (IV; R = #-tolyl, R’ = Ph and Ph-NH, R” = H) when 
boiled with water or treated with sodium hydroxide solution. 

The arylsulphonyluracils (IV; R=Ph, R’=H or Et, R” =H 
NHAc’C,H,, R’ = R” = H) were similarly prepared. 

Ethylsulphonylacetylurethane (I; R = Et-SO,, R’ = H) and the methyl derivative 
(I; R = Et*SO,, R’ = Me) were prepared from ethylsulphonylacetic acid and urethane or 
N-methylurethane in the presence of phosphoryl chloride, and, when treated as above, 
gave the uracils (IV; R = Et, R’ = H, R” = Hor Me). 


; and R=?#- 


EXPERIMENTAL 


8 - Ethoxy-N-ethoxycarbonyl - «- p-tolylsulphonylacrylamide.—p-Tolylsulphonylacetylurethane 
(14-25 g.), ethyl orthoformate (12-9 g.), and acetic anhydride (14-5 ml.) were heated together at 
120° for 1 hr., and at 130° for 1-5 hr. under an air-condenser and then without a condenser for 
30 min. at 140°. When the solution was cooled a crystalline precipitate separated; this was 
filtered off and washed with ether. 8-Ethoxy-N-ethoxycarbonyl-a-p-tolylsulphonylacrylamide 
(12-5 g.) separated from ethanol. as needles, m. p. 126—128° (Found: C, 52-6; H, 5-35; N, 4-1. 
C,5;H,,0O,NS requires C, 52-8; H, 5-6; N, 4-1%). 

5-p-Tolylsulphonyluracil.—The foregoing amide (0-3 g.) was warmed for 10—15 min. with 
15N-aqueous ammonia (10 ml.) until a clear solution was obtained. The solution was evapor- 
ated to half-volume, cooled, and neutralised with hydrochloric acid, yielding a crystalline 
precipitate. 5-p-Tolylsulphonyluracil (0-27 g.) separated from ethanol as needles, m. p. >350° 
(Found: C, 49-55; H, 3-95; N, 10-4. C,,H,,0,N.S requires C, 49-6; H, 3-7; N, 10-5%). 


* Part V, J., 1957, 2363. 


1 J., 1955, 1834; 1956, 1877. 
* Hakala, Law and Welch, Proc. Ann. Assoc. Cancer Res., 1956, 2, 113. 
* Frerichs, Arch. Pharm., 1899, 237, 288. 
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1-Phenyl-5-p-tolylsulphonyluracil—The acrylamide (0-17 g.) in benzene (5 ml.) was heated 
with aniline (0-5 g.) on a water-bath for 10 min. 6-Anilino-a-p-tolylsulphonyl-N-ethoxy- 
carbonylacrylamide (0-15 g.) separated on cooling and recrystallised from ethanol as pale yellow 
needles, m. p. 146—148° (Found: C, 58-75; H, 5-2; N, 7-2. C,gH.90O;N.S requires C, 58-75; 
H, 5-3; N, 7-2%). A suspension of the anilino-derivative (0-15 g.) in water (20 ml.) was boiled 
under reflux for 50 min., then cooled. 1-Phenyl-5-p-tolylsulphonyluracil (0-12 g.) separated and 
crystallised from ethanol as prisms, m. p. 242° (Found : C, 59-8; H, 4-25; N, 8-0. C,,H,,0O,N.S 
requires C, 59-65; H, 4-1; N, 8-2%). 

1-Methyl-5-p-tolylsulphonyluracil—The acrylamide (1 g.) was boiled with 10% aqueous 
methylamine (10 ml.) for a few minutes. The cooled solution was neutralised with acetic acid, 
1-methyl-5-p-tolylsulphonyluracil (0-75 g.) separating. From ethanol it formed prisms, m. p. 
274—275° (Found: C, 51-2; H, 4-4; N, 9-85. (C,,H,,0,N,S requires C, 51-4; H, 4:3; N, 
10-0%). 

1-Carboxymethyl-5-p-tolylsulphonyluracil.—The acrylamide (0-5 g.) was heated with glycine 
(0-15 g.) in N-sodium hydroxide (5 ml.) on a water-bath for 30 min., to give a clear solution. 
This was cooled and acidified with hydrochloric acid. 1-Carboxymethyl-5-p-tolylsulphonyluracil 
(0-3 g.) separated after a few hours and recrystallised from water as needles, m. p. 310° (darken- 
ing at 275°) (Found: C, 48-0; H, 3-9; N, 8-5. C,3;H,,0O,N,S requires C, 48-15; H, 3-75; N, 
8-65%). 

N - Ethoxycarbonyl- 8 -phenylhydrazino -«- p-tolylsulphonylacrylamide.—8 - Ethoxy-N-ethoxy- 
carbonyl-a-p-tolylsulphonylacrylamide (0-3 g.) in warm ethanol (10 ml.) was treated with a few 
drops of phenylhydrazine, and the solution kept at room temperature for a few hours, crystals 
separating. The §-phenylhydrazino-derivative (0-3 g.) formed pale yellow needles, m. p. 174° 
(decomp.), from ethanol (Found: C, 56-45; N, 5-2; N, 10-6. C,,H.,O;N;S requires C, 56-55; 
H, 5-25; N, 10-4%). 

1-Anilino-5-p-tolylsulphonyluracil—The foregoing acrylamide (0-1 g.) was boiled with 
n-sodium hydroxide (5 ml.) for 5 min. A crystalline salt separated on cooling. The hot 
solution was neutralised with acetic acid and cooled to give 1-anilino-5-p-tolylsulphonyluracil 
(0-05 g.), plates, m. p. 250° (decomp.) (from ethanol) (Found: C, 57-2; H, 4:35; N, 11-9. 
C,7H,,0,N,S requires C, 57-15; H, 4-25; N, 11-75%). 

5-Phenylsulphonyluracil (with R. N. WARRENER).—5-Phenylsulphonylacetylurethane ® 
(1-11 g.), ethyl orthoformate (1-06 g.), and acetic anhydride (1-17 g.) were heated together at 
120° for 1-5 hr., 120—130° for 1 hr., and 170° for 30 min. The cooled solution gave crystals 
(0-4 g.) which were filtered off, washed with ether, and used directly. The compound was 
warmed with aqueous ammonia until a clear solution was obtained. This was acidified to 
precipitate 5-phenylsulphonyluracil (0-2 g.) which crystallised from a large volume of ethanol as 
pale yellow rhombs, m. p. 350° (softened from 322°) (Found: C, 47-8; H, 3-4; N, 11-0. 
C,9H,O,N,S requires C, 47-6; H, 3-2; N, 11-1%). 

1-Ethyl-5-phenylsulphonyluracil—The foregoing acrylamide (0-2 g.) was warmed with 
aqueous ethylamine until a clear solution was obtained. This was cooled and acidified to 
precipitate 1-ethyl-5-phenylsulphonyluracil, (0-2 g.), very pale yellow prisms, m. p. 222° (from 
alcohol) (Found: C, 51-6; H, 465; N, 9-75. C,.H,,O,N,S requires C, 51-4; H, 4:3; N, 
10-0%). 

5-p-A cetamidobenzenesulphonyluracil.—A solution of sodium p-acetamidobenzenesulphinate * 
(5 g.) and N-chloroacetylurethane (3-72 g.) in 95% ethanol was boiled under reflux for 3 hr., 
evaporated to half-volume, filtered, and cooled, to precipitate p-acetamidobenzenesulphonylacetyl- 
urethane (4-83 g.), needles, m. p. 192—-194° (from ethanol or water) (Found: C, 47-1; H, 5-1; 
N, 8°45. C,3H,,0,N.S requires C, 47-55; H, 4-9; N, 855%). Reaction in dry ethanol and in 
presence of a little sodium hydroxide gave ethyl p-acetamidobenzenesulphonylacetate, plates (from 
ethanol), m. p. 120° (Found: C, 50-5; H, 5-3; N, 4-9. C,,H,,;O,;NS requires C, 50-5; H, 5-3; 
N, 4.9%). The foregoing urethane (2 g.), ethyl orthoformate (2-72 g.), and acetic anhydride 
(4-1 g.) were heated together under a condenser at 135—140° for 1-5 hr. and then at 140° without 
a condenser. The solution was evaporated im vacuo and the residue warmed with aqueous 
ammonia for 30 min. The filtered solution was acidified and the precipitate crystallised from 
water, to give 5-p-acetamidobenzenesulphonyluracil monohydrate (0-5 g.) as needles, m. p. 326° 
(decomp.) (Found : C, 43-85; H; 3-9; N, 12-75. C,.H,,O;N;S,H,O requires C, 44-05; H, 4-05; 
N, 12-85%). The uracil (0-1 g.) was refluxed with 10N-hydrochloric acid for lhr. The solution 

* Org. Synth., 1921, 1, 8. 





6° 


on 





[1957] Purines, Pyrimidines, and Glyoxalines. Part VI. 3209 


was cooled to precipitate 5-p-aminobenzenesulphonyluracil (0-05 g.), needles (from water), m. p. 
>360° (Found : C, 45-1; H, 3-5; N, 15-0. C, 9H,O,N,S requires C, 44:95; H, 3-4; N, 15-75%). 

N-Ethylsulphonylacetylurethane.—(a) Ethylsulphonylacetic acid * (29-5 g.), urethane (17-3 g.), 
and phosphoryl chloride (7-4 ml.) were heated together on a water-bath for 20 min. The 
residue was warmed with methanol (50 ml.) until one phase was obtained. Cooling to —30° 
caused crystallisation of ethyl allophanate (3 g.), needles (from methanol), m. p. 186—188° which 
after sublimation at 100°/0-5 mm. had m. p. and mixed m. p. 190° * (Found: N, 21-0. Calc. for 
C,H,O,N,: N, 21-:0%). The methanolic filtrate was adjusted to pH 6 with 2n-sodium 
hydroxide and kept at 0° overnight, affording a precipitate of N-ethylsulphonylacetylurethane 
(4-8 g.), meedles (from water), m. p. 108° (Found: C, 37-8; H, 5-9; N, 6-35. C,H,,0;NS 
requires C, 37-7; H, 5-9; N, 63%). (6) The same product was obtained in higher yield, but 
contaminated with traces of ethyl allophanate in the following way : Ethylsulphonylacetic acid 
(17 g.), urethane (10 g.), and phosphoryl chloride (4 ml.) were heated together at 100—115° 
(internal) for 20 min. Further portions of urethane (5 g.) and phosphoryl chloride (2 ml.) were 
added, and the reactants kept at the above temperature for another 20 min. The solution was 
cooled and mixed with ether (50 ml.) and ice-water (50 ml.). The crystals (12-0 g.) which 
separated were collected and washed with cold water (3 x 20 ml.). The acylurethane (8-3 g.) 
crystallised from water as needles, m. p. 103—105°. The material contained traces of ethyl 
allophanate but was good enough for most purposes. 

5-Ethylsulphonyluracil—The urethane (3-1 g.), ethyl orthoformate (2-5 g.), and acetic 
anhydride (3-4 g.) were heated together at 125—135° (internal) for 1 hr., then cooled. The same 
amounts of orthoformate and anhydride were added and heating was continued for a further 
45 min. After removal of the solvent in vacuo a pale yellow oil (3-8 g.) remained. This was 
heated with water (30 ml.) and 15N-ammonia (5 ml.) to 70°, giving a clear solution. Acetic acid 
precipitated 5-ethylsulphonyluracil (1-7 g.) which recrystallised from water as prisms, m. p. 282° 
(Found: C, 35-3; H, 4:1; N, 13-8. C,H,O,N,S requires C, 35-3; H, 3-95; N, 13-7%). A 
further quantity (0-3 g.) was obtained by evaporation of the mother-liquors and trituration of 
the residue with 1 : 1 methanol—water (10 ml.). 

N-Ethylsulphonylacetyl-N-methylurethane.—Ethylsulphonylacetic acid (18 g.), N-methyl- 
urethane (12 g.), and phosphoryl chloride (4-5 ml.) were heated to 95° during 20 min., and kept 
thereat for 1 hr. Evolution of hydrogen chloride was then complete. The supernatant liquid 
was decanted from a thick syrup and cooled to give crystals which were filtered off and washed 
with 20% aqueous methanol (25 ml.). N-Ethylsulphonylacetyl-N-methylurethane (13-7 g.) sublimed 
at 80—100°/0-1 mm. as plates, m. p. 89° (Found : C, 40-8; H, 6-4; N,5-7. C,H,,0;NS requires 
C, 40-5; H, 6-4; N, 5-9%).. More of it (1-4 g.) was obtained by extraction of the original syrup 
and the filtrates with chloroform. 

8-Ethoxy-N-ethoxycarbonyl-«-ethylsulphonyl - N -methylacrylamide.—N - Ethylsulphonylacetyl - 
N-methylurethane (3-5 g.), ethyl orthoformate (2-7 ml.), and acetic anhydride (3-1 ml.) were 
heated together at 130° for 1 hr. The residue was heated six times at the same temperature for 
30 min. with one-third each of the former quantities of orthoformate and anhydride. The 
solution was cooled, filtered from a little unchanged urethane, and distilled to give B-ethoxy-N- 
ethoxycarbonyl-a-ethylsulphonyl-N-methylacrylamide (2 g.), b. p. 160°/0-3 mm. (Found: C, 44-9; 
H, 6-7; N, 4:5. C,,H,,O,NS requires C, 45-0; H, 6-5; N, 4-8%). 

5-Ethylsulphonyl-3-methyluracil—The foregoing acrylamide (1-1 g.) was warmed with 
15N-ammonia (10 ml.) until it had dissolved. The solution was evaporated to remove ammonia, 
cooled, and acidified with acetic acid to give a solid precipitate. 5-Ethylsulphonyl-3-methyl- 
uracil crystallised from water as needles, m. p. 223° (Found: C, 38-4; H, 4-7; N, 12-9. 
C,H,9O,N,S requires C, 38-5; H, 4-6; N, 12-8%). 


We thank the N.S.W. State Cancer Council for a research grant and Dr. E. Challen for the 
microanalyses. The assistance of Mr. J. Taylor and Mr. K. Schaffner in the preparation of 
some intermediates is acknowledged. 
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5 Klason, Bull. Soc. chim. France, 1875, 28, 447; cf. Pomerantz and Connor, J. Amer. Chem. Soc., 
1939, 61, 3139. 
® Diels, Ber., 1903, 36, 745. 
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628. Butadienes and Related Compounds. Part IV.1 A Study of the 
Mechanism of Formation of 1: 1:4: 4-Tetra-arylbuta-1 : 3-dienes. 


By Wapte Tapros and ALFy BADIE SAKLA. 


Evidence has been gathered that butadienes are formed from 2: 2-di- 
(p-substituted phenyl)vinyl bromides in the presence of hydrogen chloride 
or bromide after addition according to the Markownikoff rule. The buta- 
dienes are readily formed from the corresponding vinyl chlorides in the 
presence of hydrogen bromide but not of hydrogen chloride. 

Solvents such as alcohol, carbon tetrachloride, benzene, and acetic 
anhydride do not favour the reaction between the ethylenes and vinyl 
bromides to give the butadienes. Addition of acetic anhydride to acetic acid 
increases the induction period and decreases the yield. 

2 : 2-Di-p-alkoxyphenylvinyl bromides are readily reduced by anthrone 
to the ethylenes, whereas the chlorides are not reduced except in the presence 
of a halogen acid. Together with the ethylenes, the corresponding buta- 
dienes and 9 : 9’-dianthronyl are formed as main products, different reactions 
leading to the formation of the last two products. 

When two vinyl bromides, especially in the presence of a halogen acid, 
or a vinyl bromide and an ethylene with a different alkoxyl group, are heated 
together in the solid state or in acetic acid, three butadienes are formed. 

A free-radical mechanism is suggested for the formation of the butadienes. 


HYDROGEN BROMIDE ™ and chloride ° have been shown to promote the formation of 
1: 1:4: 4-tetra-arylbuta-1 : 3-dienes from 2: 2-diarylvinyl halides, whereas dilution 
of the acetic acid used as solvent has the reverse effect. Addition of acetic anhydride 
to the ethylene and vinyl bromide in acetic acid increased the induction period, the reaction 
being prevented when the acetic acid was completely replaced by anhydride. At least 
two factors (besides others such as temperature, polarisability of the reagents, the rate of 
addition of acids, etc.) probably operate: (a) electrophilic addition of the acid (Adx) * 
to the vinyl bromide before the reaction, and (5) formation of the butadiene after this 
addition. The addition of acetic anhydride would remove the water present (2%), this 
being apparently associated with limitation in the ionisation of the acetic acid. Hall and 
Voge * noted that acetic anhydride possessed weak conductivity which was attributed 
by Gillespie > to an ionic self-dissociation to acetylium and acetate ions : 





(CH,*CO),O ——= CH,CO* + CH,-CO,- 


It seems that the degree of ionisation is too small to affect factor (a) or that the presence of 
a proton (or hydroxonium ion ®) is necessary. On saturation of the acetic anhydride with 
hydrogen bromide, the reaction (even with the vinyl bromide alone) proceeded readily. 
The halogen acid apparently adds to the vinyl bromide before formation of the butadiene, 
to give 1 : 1-di-p-alkoxyphenyl-2 : 2- (A) or -1 : 2-dibromoethane (B) in accordance with 
the Markownikoff rule. Formation of (A) was excluded when 1 : 1-dibromo-2 : 2-di-- 
methoxy(or ethoxy)phenylethane ? proved to be stable in boiling acetic acid, even in the 
presence of hydrogen chloride or bromide; the alternative product (B), obtained on 


1 Parts I—III, (a) Tadros and Aziz, J., 1951, 2553; (b) Tadros, J., 1954, 2966; (c) Tadros, Sakla, 
and Akhnookh, /J., 1956, 2701. 

? Ingold, “ Structure and Mechanism in Organic Chemistry,’’ Bell and Sons, Ltd., London, 1953, 
p. 646. 

% Kohlrausch’s data for the ionisation of acetic acid at different dilutions ; Landolt, Bérnstein, Roth, 
and Scheel, ‘‘ Physikalisch-chemische Tabellen,’’ Part II, Julius Springer, Berlin, 1923, p. 1075. 

* Halland Voge, J. Amer. Chem. Soc., 1933, 55, 239. 

5 Gillespie, ]., 1950, 2997. 

®* Ref. 2, p. 651. 

* Harris and Frankforter, J. Amer. Chem. Soc., 1926, 48, 3144. 
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addition of bromine to the ethylene, was unstable, readily giving rise to the vinyl bromide 
or the butadiene according to conditions. When the alkoxyarylvinyl bromide was left 
in an atmosphere of hydrogen chloride or bromide at room temperature, it gradually 
(faster with hydrogen bromide) became semisolid, giving back the vinyl bromide on treat- 
ment with alcohol or forming the butadiene when heated on the water-bath. 1 : 2-Di- 
bromo-| : 1-di-p-ethylthiophenylethane was more stable than the alkoxy-compounds, 
being formed when 2: 2-di-f-ethylthiophenylvinyl bromide was treated with hydrogen 
bromide in acetic acid, showing beyond doubt that the addition of the halogen acid took 
place according to the Markownikoff rule. When a solution of 2 : 2-di-p-alkoxyphenyl- 
vinyl bromide, alone or with the corresponding 1 : 1-di-p-alkoxyphenylethylene, in alcohol, 
benzene, or carbon tetrachloride was refluxed for 12—15 hr., the butadiene was not formed, 
apparently owing to the absence of the necessary addition of Ady. The réle played by 
the halogen acids in the formation of the butadienes from the vinyl halides may be represented 
in the light of present electronic theory by the annexed scheme. 


cc 


— "$e “a 
C==C8- + 2HBr —> 100 Sy, cor-crye 
=, 0 
GS y 


[(RO-C,H,),CBr-CH,“]/  <——_2(RO“CgHy),CBr-CHy + 2Br- 


: 


(RO-C,H,),C=CH-CH=C(C,H,-OR), + 2HBr 


The addition of hydrogen bromide (and of other halogen acids such as hydrogen chloride) 
as shown implies that electron density around the carbon atom § to the aryl group should be 
greater than that around the a-carbon atom. It may be assumed that a stage of “‘ homo- 
polarisability ’” would be reached at which the intermediate addition compound would 
undergo homolytic fission in acetic acid or in the solid state, to give two bromine atoms 
and two free radicals. The latter would dimerise and two molecules of halogen acid would 
subsequently be eliminated with formation of the butadiene. In the case of 1 : 1-dibromo- 
2 : 2-di-p-methoxy(or ethoxy)phenylethane, the electron density round the «- and $-carbon 
atoms seems not to favour the ready elimination of the halogen acid to give the vinyl 
bromide or the conversion into the butadiene; and therefore once these compounds were 
synthesised, they were more stable than their isomers. 

Evidence that formation of free radicals precedes that of the butadienes was sought in 
the reaction between 2 : 2-di-p-alkoxyphenylvinyl bromides and anthrone.’ On studying 
this reaction further, it was found that refluxing a solution of the vinyl bromide (I) and 
anthrone (II) in acetic acid for only 20 seconds gives 1 : 1-di-p-alkoxyphenylethylene 
(III), 1: 1:4: 4+tetra-p-alkoxyphenylbuta-1 : 3-diene (V), and 9: 9’-dianthronyl (VI) 
as main products, with minute quantities of other compounds, which seem to have been 
formed partly during fractionation and recrystallisation. A preliminary study showed 
that one of these compounds had m. p. 236—238° with analytical data corresponding to 
hydroxydianthronyl for which m. p. 219—249° with sintering at 180° was given.® An 
ionic mechanism should have given only a condensation product between the vinyl bromide 
and anthrone. The formation of the ethylene (III) indicated a reduction, but it should 
be emphasised that the presence of bromine had some bearing on this reducing property, 


* Cf. ref. ie. 
® Scalera, Hardy, Hardy, and Joyce, J. Amer. Chem. Soc., 1951, 73, 3094. 
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since the vinyl chloride was reduced only in presence of a halogen acid (see below). It was 
interesting that the nitro-group was reduced by anthrone, as reported by Ingram.!° 

When equimolecular quantities of anthrone (II) and 9-bromoanthrone (IV) (or 9-chloro- 
anthrone !") were refluxed in acetic acid, 9 : 9’-dianthronyl (VI) was obtained, perhaps by 
a condensation or by a free-radical reaction. When a solution of equimolecular quantities 
of 9-bromoanthrone (IV) and 1 : 1-di-p-methoxy(or ethoxy)phenylethylene (III) was 
refluxed, 9 : 9’-dianthronyl (VI) and the corresponding butadiene were the main products ; 
the formation of 9 : 9’-dianthronyl may be attributed to transient existence of the anthronyl 
radical. That 9-bromoanthrone may form such a transient free radical, which would 
dimerise to 9 : 9’-dianthronyl, was suggested by Barnett ef al.12, With regard the formation 
of the butadiene a number of reactions may be involved: (a) Interaction between the 
vinyl bromide (I) and 1: 1-di-f-methoxy(or ethoxy)phenylethylene (III) formed; (0) 
hydrogen bromide {formed on reduction of the vinyl bromide with anthrone or in reaction 
(a) together with the butadiene], acting on the vinyl bromide; and (c) interaction of 
9-bromoanthrone (IV) and the ethylene (III). Reactions (a) and (0) have been reported,'* 
and (c) was mentioned above (reaction 2). It may be noted that cross-dimerisation of the 
anthronyl and vinyl radicals seemed not to occur. The products previously reported !¢ 
and the above reactions may be represented by the annexed general scheme. 


CO 
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(1) (RO*C4H,),C:CHBr + CH, OCH, (II) 
_ “¥ : 
' y Y —_ | 
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+(1) " ». ) CH >) 
"ey x" guest _> 
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The ethylene, which would be formed only in the presence of a halogen acid on the 
interaction of the vinyl chloride and anthrone (anthrone not being affected by hydrogen 
chloride or bromide), was apparently produced by reduction of the vinyl chloride—halogen 
acid addition compound with subsequent loss of the halogen acid. In the presence of 
hydrogen bromide 9-chloroanthrone was obtained. The ready formation of the butadiene 
from the vinyl bromide (in contrast to the vinyl chloride) was apparently related to the 
lower energy of activation for homolytic fission of the C-Br than of the C-Cl bond.” 
Formation of the vinyl chloride, together with the butadiene, when the vinyl bromide was 
dissolved in acetic acid saturated with hydrogen chloride * was apparently due to a con- 
current reaction involving electrophilic substitution (chlorine probably replacing the 
bromine in the halogen acid addition compound), followed by dehydrochlorination. The 
effect of temperature 1 14 (see Table) was further corroborated. 

When two vinyl bromides, especially in the presence of hydrogen bromide, were heated 
together in the solid state or in solution in acetic acid, three butadienes were formed. These 
were, however, obtained more readily and in better yields when a mixture of the vinyl 
bromide and the ethylene (with two different alkoxyl groups) was used, indicating that 
the ethylene played some part in the reaction. An ionic condensation would have given, 
as a sole product, the mixed butadiene and hydrogen bromide, and not three butadienes. 

1° Ingram, J., 1950, 2246. 

‘2 Matthews, /., 1926, 236. 

1? Barnett, Cook, and Matthews, /., 1923, 1994 


'? Cadogan and Hey, Quart. Rev., 1954, 8, 308 
'* Bergmann, Szmuskowicz, and Dimant, J. Amer. Chem. Soc., 1949, 71, 2968. 
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Hydrogen bromide has been shown) to have no effect on 1 : 1-di-p-methoxyphenyl- 
ethylene; other ethylenes also were not affected, except for the development of a green 
colour, when in solution in acetic acid saturated with hydrogen bromide. The butadiene 
corresponding to the ethylene could have been formed only by the action of bromine 
liberated from the vinyl bromide. The ionic mechanism postulated by Bergmann e¢ al.™ 
seemed not to be favoured because 1 : 1-di-p-alkoxyphenylethylene failed to condense with 
2 : 2-di-p-alkoxyphenylvinyl chloride; and, according to their probable mechanism, the 
addition of hydrogen bromide should take place contrary to the Markownikoff rule, 
whereas the present findings showed that the addition follows the Markownikoff rule. 
The formation of three butadienes from mixtures of the vinyl bromides in the presence 
of hydrogen chloride or bromide, especially in the solid state, was probably due to transient 
free-radical formation (Ar,CHal-CH,°) after the addition of the halogen acid. It was 
shown '¢ that the butadiene was formed on irradiating a solution of 2 : 2-di-f-methoxy(or 
ethoxy)phenylvinyl bromide in acetic acid in an atmosphere of nitrogen or carbon dioxide ; 
the same result has now been obtained in absence of a solvent. 
The structure of the new butadienes was confirmed by ozonolysis. 


EXPERIMENTAL 


1 : 1-Di-p-n-butoxyphenylethylene.—4 : 4’-Di-p-n-butoxybenzophenone !* (16-3 g.) in ether 
(250 c.c.) was added to methylmagnesium iodide (from magnesium, 3 g., and methyl iodide, 
17-7 g.) in ether (150 c.c.) with stirring, during 2 hr., and the whole was set aside overnight. 
The mixture was decomposed with aqueous ammonium chloride and extracted with ether. 
The ethylene, crystallised from alcohol, had m. p. 125° (Found: C, 81-5; H, 8-5. C,.H,,O, 
requires C, 81:3; H, 8-6%). 

2: 2-Di-p-alkoxyphenylvinyl Bromides.—These were obtained by adding 1 mol. of bromine 
in chloroform, carbon tetrachloride, or ether to the ethylene in the same solvent ?*, and 
crystallised from alcohol. 2: 2-Di-p-isopropoxy- (Found: C, 640; H, 5-9; Br, 22-0. 
C.y9H,,0,Br requires C, 64-0; H, 6-1; Br, 21-4%) and 2: 2-di-p-n-butoxy-phenylvinyl bromide 
(Found: C, 65-4; H, 6-5; Br, 20-0. C,,H,,0,Br requires C, 65-5; H, 6-7; Br, 19-9%) had 
m. p. 46—47° and 54° respectively. All 2: 2-di-p-substituted phenylvinyl bromides required 
for the present work were purified from any contaminating hydrogen bromide by refluxing them 
for an hour with alcoholic potassium hydroxide (5 g. of vinyl bromide, 2 g. of potassium 
hydroxide, and 50 c.c. of alcohol); the solution was diluted, and the precipitate filtered off, 
washed with water, and recrystallised from alcohol. 

1:1:4: 4-Tetra-p-alkoxyphenylbuta-1 : 3-dienes.—(a) 1:1: 4: 4-Tetra-p-n-butoxyphenyl- 
buta-1 : 3-diene. (i) A solution of bromine (0-16 g., 0-5 mol.) in glacial acetic acid (2 c.c.) was 
added to a warm solution of 1 : 1-di-p-n-butoxyphenylethylene (0-648 g., 1 mol.) in the same 
solvent (10 c.c.) and refluxed for 5 min. On cooling, the butadiene (0-45 g.) separated and was 
obtained from acetic acid as colourless or straw-yellow crystals, m. p. 185—186° (Found: 
C, 82-0; H, 81. C,yH,;,O, requires C, 81-8; H, 8-4%). (ii) It was also obtained (0-9 g.) on 
refluxing a solution of 1: 1-di-p-n-butoxyphenylethylene (0-648 g., 1 mol.) and 2: 2-di-p-n- 
butoxyphenylvinyl bromide (0-806 g., 1 mol.) in glacial acetic acid (10 c.c.) for 5 min. (iii) 
It was obtained (0-9 g.) within 20—25 min. when the mixture used in experiment (ii) was heated 
on the water-bath without a solvent. (iv) A solution of 2 : 2-di-p-n-butoxyphenylvinyl bromide 
(1 g.) in acetic acid saturated with hydrogen bromide (10 c.c.) was refluxed for 10 min., whereby 
the butadiene (0-4 g.) was obtained. (v) Heating the vinyl bromide (1 g.) in an atmosphere 
of hydrogen bromide on the water-bath gave the butadiene (0-2 g.). 

(b) 1: 1-Di-p-methoxyphenyl-4 : 4-di-p-n-propoxyphenylbuta-1 : 3-diene. (i) A solution of 
1 : 1-di-p-methoxyphenylethylene (0-48 g., 1 mol.) and 2 : 2-di-p-n-propoxyphenylvinyl bromide 
(0-75 g., 1 mol.) in 98% acetic acid (10 c.c.) was boiled for 3—4 min. A few drops of water 
were added and, after cooling, the mixture of butadienes (0-9 g.) was filtered off. The com- 
ponents were separated by repeated fractional recrystallisation from carbon disulphide—light 
petroleum (b. p. 50—70°) or alcohol and finally from acetic acid. Thus were obtained 


18 Bergmann and Szmuskowicz, ibid., 1947, 69, 1777. 
16 Jones, J., 1936, 1854. 
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1: 1:4: 4-tetra-p-n-propoxy-, 198°, and 1:1: 4: 4-tetra-p-methoxy-phenylbuta-1 : 3-diene, 
m. p. 204—205°, showing no depression when admixed with authentic samples, and 1 : 1-di-p- 
methoxyphenyl-4 : 4-di-p-n-propoxyphenylbuta-1 : 3-diene as colourless or pale yellow crystals, 
m. p. 142° (depressed when admixed with 1 ; 1-di-p-methoxyphenylethylene) (Found : C, 80-8; 
H, 7-0. C3gH 3,0, requires C, 80-9; H, 7-1%); the last compound melted incompletely at 142° 
when mixed with 1: 1:4: 4-tetra-p-methoxy- or -propoxy-butadiene. (ii) The same result 
was obtained on repeating the experiment (10—12 minutes’ boiling) with 1 : 1-di-p-x-propoxy- 
phenylethylene (0-592 g., 1 mol.) and 2: 2-di-p-methoxyphenylvinyl bromide (0-64 g., 1 mol.). 
(iii) Heating mixtures as in (i) and (ii) without acetic acid, on the water-bath for 20—25 min., 
gave the same products. (iv) A solution of 2: 2-di-p-methoxy- (0-64 g., 1 mol.) and 2: 2-di- 
p-n-propoxy-phenylvinyl bromide (0-75 g., 1 mol.) in acetic acid saturated with hydrogen 
bromide (10 c.c.) was boiled for 10 min. A mixture of butadienes (ca. 0-4 g.) was obtained and 
fractionated as above. (v) The bromides as in (iv) were heated on the water-bath in a tube 
filled with gaseous hydrogen bromide. The products were freed from hydrogen bromide by 
treatment with warm alcohol and fractionally recrystallised from acetic acid. 

(c) 1: 1-Di-p-methoxypheny]l-4 : 4-di-p-isopropoxyphenylbuta-1 : 3-diene, previously pre- 
pared 1» by method (b, ii) above, was also obtained by methods b, i, iii, iv, and v; 1:1: 4: 4- 
tetra-p-methoxy- and -isopropoxy-phenylbuta-1 : 3-diene were also formed. 

(d) The following new butadienes were obtained as colourless or pale yellow crystals, each 
together with two others, when 0-002 mol. of an ethylene and a vinyl bromide or two vinyl 
bromides with two different alkoxyl groups were treated according to methods b, i, ii, iii, iv, 
and v; 1: 1-di-p-ethoxryphenyl-4 : 4-di-p-methoxyphenylbuta-1 : 3-diene (1), m. p. 155° (Found : 
C, 80-2; H, 6-5. C,,H3,O, requires C, 80-6; H, 6-7%); 1: 1-di-p-n-butoxyphenyl-4 : 4-di-p- 
methoxyphenylbuta-1 : 3-diene (2), m. p. 151° (Found: C, 81-2; H, 7-2. C3,H,,0O, requires 
C, 81-1; H, 7-5%); and 1: 1-di-p-ethoxyphenyl-4 : 4-di-p-propoxyphenylbuta-1 : 3-diene (3), 
m. p. 162° (Found: C, 81-5; H, 7-7. C3,H4,O, requires C, 81-1; H, 7:5%). Together with 
(2), 1: 1: 4: 4-tetra-p-methoxy-, m. p. 204—205°, -p-n-butoxy-, m. p. 185—186°, and with 
(3) 1: 1:4: 4-tetra-p-ethoxy-, m. p. 207°, and -p-isopropoxy-, m. p. 187—188,° -phenylbuta- 
1 : 3-diene were obtained. In case of compound (1), the small quantities of 1:1: 4: 4-tetra- 
p-methoxy- and -p-ethoxy-phenylbuta-1 : 3-diene could not be readily isolated: the mixture 
had m. p. 185—186° not depressed when admixed with an equal amount of authentic samples 
of the two butadienes, m. p. 189—190°. 

Reactions with Solid 1: 1-Di-(p-substituted phenylethylene) and the Corresponding Vinyl 
Chloride or Bromide, or Each of the Last Two Alone ; and the Effect of Solvent——Results of 
reactions between the ethylene and the vinyl chloride or bromide using 0-002 mol. [1 : 1-di-p- 
methoxy- (0-48 g.), -ethoxy- (0-536 g.), -z-propoxy- or -isopropoxy- (0-592 g.), or -n-butoxy- 
(0-648 g.) -phenylethylene; 2: 2-di-p-methoxy- (0-549 g.) or -ethoxy- (0-605 g.) -phenylvinyl 
chloride; 2: 2-di-p-methoxy- (0-64 g.), -p-ethoxy- (0-694 g.), -n- or -isopropoxy- (0-75 g.), or 
-n-butoxy- (0-806 g.) -phenylvinyl bromide; or the vinyl halide alone (0-5 g.)] are shown in 
the Table. 

In all reactions between the ethylenes and vinyl bromides, a brown or an olive-green colour 
developed during the formation of the butadiene. The volume of solvent, whenever used, was 
10 c.c. 

Experiments with 2 ; 2-Dibromo-1 : 1-di-p-methoxy(or ethoxy)phenylethane.?—When a solution 
of 2: 2-dibromo-1 : 1-di-p-methoxyphenylethane, m. p. 122° (or the ethoxy-analogue, m. p. 
104°) (1 g.),in glacial acetic acid (10 c.c.) (pure or saturated with hydrogen bromide) was refluxed 
for 30 min., the ethane was recovered unchanged. 

Addition of Hydrogen Bromide to 2: 2-Di-p-ethylthiophenylvinyl Bromide.1\—When 2 : 2-di- 
p-ethylthiophenylvinyl bromide (0-5 g.) in acetic acid saturated with hydrogen bromide (10 c.c.) 
was kept at 20° for 3 hr., the colour changed from yellow to green and then olive-green. The 
precipitate obtained on cooling was filtered off, washed with a little acetic acid, and 
recrystallied from warm acetic acid, to give 1:1: 4: 4-tetra-p-ethylthiophenylbuta-1 : 3- 
diene, m. p. and mixed m. p. 156°. The acetic acid mother-liquors were diluted with water, 
and the precipitate was filtered off. It was recrystallised from little alcohol, whereby 1 : 2- 
dibromo-1 : 1-di-p-ethylthiophenylethane, m. p. 100° showing no depression when admixed 
with an authentic sample ¥°, separated. The alcohohc mother-liquor gave on concentration 
a product, m. p. 85—90°, apparently a mixture of the ethane and a minute quantity of un- 
changed vinyl bromide, the m. p. being slightly increased when admixed with the ethane. 
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Reactions with Anthrone and its 9-Chloro- or 9-Bromo-derivative-—(a) Reactions between 
2 : 2-di-p-methoxy(or ethoxy)phenylvinyl chloride and anthrone. (i) When a solution of 2 : 2-di- 
p-methoxyphenylvinyl chloride (1-37 g.) (or the ethoxy-analogue, 1-56 g., 2 mol.) and anthrone 
(0-485 g., 1 mol.) was refluxed for 30 min., the colour became yellow, and, on cooling, unchanged 
anthrone, m. p. and mixed m. p. 155°, separated. Unchanged vinyl chloride (m. p. 78° for 


Buta- Buta- 
Solvent Reaction Rin diene Solvent Reaction Rin diene 
(if any) Temp. period p-OR (g.) (if any) Temp. period p-OR (g-) 
(I) Ethylene and vinyl chloride (III) Vinyl chloride alone 
Solid 100° 2hr. MeorEt 0 Solid 100° Shr. MeorEt 0 
98% AcOH B. p. 9hr. MeorEt 0 Solid * 100 15min. MeorEt 0-15 
98% AcCOH* B.p. 5Smin. MeorEt 0-5 Solid + 100 5hr. MeorEt 0 


98% AcCOH* B.p. 15min. MeorEt 0-15 98% AcOH B. p. Shr. MeorEt 0 
os 2 B. p. 5 min. MeorEt 0-2 


(II) Ethylene and vinyl bromide bo t B. p. 5 hr. MeorEt 0 
Solid ¢ 100° 25—30 MeorEt 0-75 
min. (IV) Vinyl bromide alone 
- Preor Pri 0-8 Solid 100° 6 hr. MeorEt 0-12 
“ ss Bu" 0-9 Solid * 100 15 min. MeorEt 0-17 
2 B.p. l5hr. MeorEt 0 Solid + 100 15 min. MeorEt 0-15 
CClhorC,H, B.p. 12hr. MeorEt 0 98% AcOH B. p. 15— MeorEt 0-1 
Ac,O B. p. 6hr. MeorEt 0 2 hr. 
Ac,O * B.p. 5min. MeorEt 0-4 i ? B.p. 5min. MeorEt 0-12 
98% AcOH§ B.p. 15—20 MeorEt 0-75 ~ T B.p. Smin. MeorEt 0-1 
min 
FA B. p. ms Pr or Pri 0-8 * Reactions with solid in atmosphere of hydro- 
es B. p. Bs Bu® 0-92 gen bromide or in solvent saturated with the same 
80% AcOH B. p. lhr. Me 0-25 acid. 
a ° B. p. lhr. Me 0-50 7 Reactions carried out in the presence of 
98% AcOH 30—35° 9days Me 0 hydrogen chloride. 
- 30—35 Il days Me ‘ 0-75 t The same results were obtained within 5 min. 
98% AcOH ) in an atmosphere of hydrogen bromide. 
(8 c.c.) > « 9 br Me 0-3 § The same result was obtained within 1—2 min. 
+ Ac,O) “- sa ianp N, E in the presence of hydrogen bromide. 


(2 c.c.) 
° B. p. 5 min. Me 0-6 


methoxy-, and 76° for ethoxy-, not depressed when admixed with authentic samples) was 
obtained on recrystallisation from alcohol of the precipitate formed on dilution of the acetic 
acid mother-liquor. 

(ii) Experiment (i) was repeated with acetic acid saturated with hydrogen bromide. The 
solution which was rose-red changed on boiling (5 min.) to red, dark red, and then dark olive- 
green. It was left to cool to room temperature and the yellowish-brown precipitate (A) was 
filtered off and washed with a few c.c. of acetic acid. This precipitate was digested with a few 
c.c. of carbon disulphide; the insoluble fraction, when recrystallised from acetone, gave 9 : 9’- 
dianthronyl, m. p. and mixed m. p. 265° (0-15 g.) (Found: C, 87-2; H, 4-8. Calc. for 
C,,H,,0,: C, 87-0; H, 4-7%). The acetone mother-liquor gave a minute quantity of a yellow 
substance, m. p. >300°, to be studied later. The carbon disulphide mother-liquor gave, on 
cooling, 1: 1:4: 4-tetra-p-methoxy(or ethoxy)phenylbuta-1:3-diene (ca. 0-45 g.). The 
mother-liquor from fraction (A) was diluted with a few drops of water, and the dark green 
solution was left in the ice-chest for 2—3 hr. The precipitate (B) thus formed was filtered off 
and recrystallised from alcohol, whereby 1 : 1-di-p-methoxy- (m. p. and mixed m. p. 144°) 
(Found: C, 79-6; H, 6-7. Calc. for C,,H,,O,: C, 80-0; H, 6-7%) or -ethoxy-phenylethylene 
(m. p. and mixed m. p. 142°) (0-11 g.) was obtained. The mother-liquor from (B) was diluted 
with water until turbidity occurred and the solution left overnight in the ice-chest. The pre- 
cipitate (C) was filtered off and dried on porous plate. It was digested with a few c.c. of carbon 
disulphide and the minute quantity (0-05 g.) of 9: 9’-dianthronyl, m. p. 250°, was filtered off. 
The carbon disulphide mother-liquor was treated with light petroleum (b. p. 50—60°) until 
turbidity occurred, and was left in the ice-chest for 2—3 hr. A brownish-green precipitate 
(0-035 g.) which melted from 135° to 185° and requires further investigation was filtered off. 
The filtrate was treated with a few drops of light petroleum and then decanted from a minute 
quantity of an oil thus formed. More light petroleum was added to the decanted liquid and 
the whole was left overnight at 0°. A yellow substance which sintered at 170° and melted at 
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200° was obtained. This was recrystallised from benzene or xylene, whereby a minute quantity 
of pale yellow crystals containing chlorine and having m. p. 229° (not depressed when admixed 
with 9-chloroanthrone !) was obtained. (Zahn *7 gave m. p. 234°. Dufraisse and Gérard }® 
reported that 9-chloroanthrone had m. p. 165° and that the compound obtained by Matthews 
with m. p. 225° was chlorodianthronyl but they gave no analytical data. However, the com- 
pound with m. p. 225° prepared by Matthews’s method proved by analysis, when freshly prepared, 
to be 9-chloroanthrone. On storage the value for chlorine decreased gradually until it corre- 
sponded to that of chlorodianthronyl with only a slight difference inm.p. This is being further 
studied.) The benzene or xylene mother-liquor was evaporated almost to dryness and the 
residue recrystallised from little alcohol, giving ca. 50 mg. of butadiene. The filtrate from (C) 
was diluted with more water, and the precipitate (D) was filtered off and dried on porous plate. 
Recrystallisation from a little carbon disulphide gave a minute quantity of a substance, m. p. 
- 280°, requiring further study. 

(iii) Experiment (i) was repeated with acetic acid saturated with hydrogen chloride, boiling 
for 5 min. only. The solution was left to cool to room temperature and the product (A) was 
filtered off. It was recrystallised from acetone, giving 9: 9’-dianthronyl (0-23 g.), m. p. and 
mixed m. p. 264—265° (Found: C, 86-6; H, 5-0%). The filtrate from (A) was treated with a 
few drops of water until it became turbid and was left in the ice-chest for 2—3 hr. The 
precipitate (B) was filtered off and recrystallised from alcohol, whereby 1 : 1-di-p-methoxy- 
phenylethylene (0-1 g.), m. p. and mixed m. p. 144° (or the ethoxy-analogue, m. p. and mixed 
m. p. 142°), separated. The filtrate from (B) was diluted with water, and the precipitate (C) 
was recrystallised from alcohol, giving unchanged 2: 2-di-p-methoxyphenylvinyl chloride, 
m. p. 78° (or the ethoxy-compound, m. p. 76°). 

(iv) On repetition of experiment (iii) with boiling for 15 min., the solution changed from faint 
yellow to green and the same products were obtained, together with the corresponding buta- 
diene (ca. 0-12 g.) which was separated from 9: 9’-dianthronyl by digestion with carbon 
disulphide as mentioned above. 

(b) Reaction between 2: 2-di-p-methoxy(or ethoxy)phenylvinyl bromide and anthrone. A 
mixture of 2 : 2-di-p-methoxyphenylvinyl bromide (0-638 g., 2 mol.) (or the ethoxy-analogue, 
0-694 g., 2 mol.) and anthrone (0-194 g., 1 mol.) was added to boiling acetic acid (10 c.c.) and 
boiling continued for 20 sec. The solution was cooled and the precipitate (A) was filtered off. 
This was fractionated by digestion with carbon disulphide. Recrystallisation of the insoluble 
fraction from acetone gave 9 : 9’-dianthrony] (0-12 g.), m. p. and mixed m. p. 264—265°. Light 
petroleum (b. p. 50—60°) was added to the carbon disulphide mother-liquor, and the precipit- 
ate, m. p. 200°, was recrystallised from acetic acid to give the butadiene (methoxy-, m. p. 
204—205°; ethoxy-, m. p. 207°; no depression in mixed m. p.s; ca. 0-3 g.). The green filtrate 
from (A) was diluted with water until it became turbid and was left in the ice-chest for 2—3 hr. 
The precipitate (B) was filtered off and recrystallised from alcohol. The first fraction (0-05 g.), 
which separated while the solution was still warm, proved to be a butadiene, and, on cooling, 
1 : 1-di-p-methoxyphenylethylene, m. p. 144° (0-1 g.) (or the ethoxy-analogue, m. p. 142°) (no 
depressions in mixed m. p.s), was obtained. The filtrate from (B) was diluted with water and 
left in the ice-chest overnight. The precipitate was filtered off and dried on porous plate. 
It recrystallised from carbon disulphide as pale yellow crystals, m. p. 236—238° (unchanged 
on recrystallisation from acetic acid). Analytical data indicated hydroxydianthrone ® (Found : 
C, 83-7; H, 4:5. Calc. for C,,H,,0,: C, 83-6; H, 4.5%). Light petroleum (b. p. 50—60°) 
was added to the carbon disulphide mother-liquor, giving a minute quantity of brown crystals, 
m. p. 182°. When recrystallised from alcohol, a substance, m. p. 192°, was obtained and showed 
considerable depression in m. p. (172—174°) when admixed with the butadiene, and requires 
further study. 

(c) Reaction between anthrone and 9-chloroanthrone. On refluxing a solution of anthrone 
(0-388 g., 1 mol.) and freshly prepared 9-chloroanthrone 1! (0-457 g., 1 mol.) in acetic acid (10 
c.c.) for 5 min., 9 : 9’-dianthronyl (0-5 g.) was obtained. It separated from acetone as colourless 
crystals, m. p. and mixed m. p. 264—265° (Found : C, 87-0; H, 4-8%). 

(d) Reaction between anthrone and 9-bromoanthrone. When a solution of anthrone (0-388 g., 
1 mol.) and freshly prepared 9-bromoanthrone (0-546 g., 1 mol.) in acetic acid (10 c.c.) was 
refluxed for 5 min., the colour became pale orange-yellow and a precipitate separated. The 


17 Zahn, Ber., 1934, 67, 2063. 
18 Dufraisse and Gérard, Bull. Soc. chim. France, 1937, 4, 2052. 
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whole was left to cool and the precipitate was filtered off. When recrystallised from acetone, 
9 : 9’-dianthronyl (0-5 g.), m. p. and mixed m. p. 255°, was obtained (Found : C, 87-0; H, 4-7%). 

(e) No reaction took place when anthrone alone (1 g.) in solution in acetic acid (10 c.c.) 
saturated with hydrogen chloride or bromide was refluxed for 30 min. 

(f) Reaction between 9-bromoanthrone and 1 : 1-di-p-methoxy(or ethoxy)phenylethylene. When 
a solution of 1 : 1-di-p-methoxyphenylethylene (0-96 g., 1 mol.) (or the ethoxy-compound, 1-07 
g., 1 mol.) and 9-bromoanthrone (1-092 g., 1 mol.) in glacial acetic acid (10 c.c.) was boiled, an 
olive-green colour developed immediately. The reaction was stopped after 5 min., 5c.c. of water 
were added, and the precipitate thus formed was filtered off, and dried on porous plate. It 
was digested with carbon disulphide, and the insoluble portion was recrystallised from acetone, 
from which 9: 9’-dianthronyl (0-5 g.) separated (m. p. and mixed m. p. 264—265°). The 
carbon disulphide mother-liquor gave, on cooling, the corresponding diene (ca. 0-5 g.). 

Effect of Sunlight on Solid 2: 2-Di-p-alkoxyphenylvinyl Bromides in Nitrogen or Carbon 
Dioxide.—When solid 2: 2-di-p-methoxyphenylvinyl bromide (or the ethoxy-, -propoxy-, 
isopropoxy-, or n-butoxy-analogue, 0-5 g.) was exposed in a sealed Pyrex tube in atmosphere 
of nitrogen or carbon dioxide to direct sunlight for 1 month, the corresponding diene (ca. 25%) 
was obtained. 

Ozonolysis.—The butadienes gave glyoxal and the corresponding ketones, the procedure 
being similar to that previously reported.1* The -n-butoxy-butadiene gave 4: 4’-di-n- 
butoxybenzophenone, m. p. and mixed m. p. 118°. The 1 : 1-di-p-methoxy-4 : 4-di-p-ethoxy-, 
1 : 1-di-p-methoxy-4 ; 4-di-p-n-propoxy-, and 1 : 1-di-p-n-butoxy-4 : 4-di-p-methoxy-butadienes 
gave in each case 4: 4’-dimethoxybenzophenone, m. p. 142°, together with 4: 4’-diethoxy-, 
m. p. 131°, 4: 4-di-n-propoxy-, m. p. 127°, and 4: 4’-di-m-butoxy-benzophenone, m. p. 118° 
respectively; the 1: 1-di-p-ethoxy-4 : 4-di-p-isopropoxybutadiene gave 4: 4’-diethoxy- and 
4 : 4’-diisopropoxy-benzophenone, m. p. 72°. Ketones were separated by fractional recrystal- 
lisation from dilute alcohol, and m. p.s were not depressed on admixture with authentic 
samples. a 


CHEMISTRY DEPARTMENT, FACULTY OF SCIENCE, 
Catro UNIVERSITY, Ecyprt. [Received, September 26th, 1956.] 





629. Molecular Polarisation and Molecular Interaction. Part VI.* 
The Apparent Dipole Moments of m- and p-Nitroaniline, m- and 
p-Bromoaniline, and p-Toluidine in Benzene and Dioxan Solutions. 

By J. W. SmitH and (Miss) S. M. WALsHAw. 


The apparent dipole moments of the amines have been determined from 
dielectric constant, specific volume, and refractive-index measurements on 
dilute solutions in benzene and dioxan at 25°. The results for benzene 
solutions have been used to derive vectorial values of the “ interaction 
moments,” 7.e., the additional components to the moments arising through 
the simultaneous presence of the two substituents. These are interpreted as 
modifications in the inductive and mesomeric effects of the substituents. On 
the assumption that the higher apparent moments in dioxan solution arise 
principally from an increased mesomeric effect of the amino-group, vectorial 
values for these extra contributions to the moment are derived. It has been 
found that for amines so far studied, and in which no steric inhibition of the 
mesomerism of the amino-group or of its dioxan addition product is probable, 
this additional component to the moment in dioxan solution increases linearly 
with the interaction moment. 


In Parts I, II, and V '*:3 it was shown that the apparent dipole moments of aniline and of 
some nuclear-substituted anilines are appreciably higher in dioxan solutions than in 
* Part V, J., 1953, 109. 


! Few and Smith, /., 1949, 753. 
* Few and Smith, J., 1949, 2781. 
3 Smith, J., 1953, 109. 
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benzene solutions. The differences are smaller for methylaniline and its derivatives, and 
the apparent dipole moments of dimethylaniline and its derivatives are almost the same 
in dioxan as in benzene. These results supported the view that the higher moments in 
dioxan solutions arise through hydrogen bonding between an amino-hydrogen atom and an 
oxygen atom of the dioxan molecule. From the data available it was inferred * that an 
appreciable increase in molecular polarisation, and consequently in apparent dipole 
moment, accompanies the hydrogen bonding only when an increase in the mesomeric effect 
can occur, i.e., when it results in an increased donation of electron density from the amino- 
nitrogen atom to the ring. It was suggested, therefore, that comparative polarisation 
measurements on benzene and dioxan solutions might be used to test for the existence of 
a mesomeric effect in amines and phenols which are too complex to permit the satisfactory 
interpretation of their dipole moments in benzene only. 

Further, it seemed probable that the extent to which hydrogen bonding occurs with 
different amines may also increase progressively with increase in the electron-shift 
accompanying the bonding. In confirmation of this view, Hulett, Pegg, and Sutton 4 
have observed that for various systems in which hydrogen bonding can occur there is a 
fairly linear relation between the association constant for hydrogen-bond complex form- 
ation and the increase in the dipole moment of the complex above the value expected from 
vector addition. This gives the possibility that the apparent increase in dipole moment in 
dioxan as compared with benzene solutions might give a quantitative as well as a qualit- 
ative indication of the mesomeric effect of the amino-group. 

To test this hypothesis the dipole moments of some other monosubstituted anilines in 
benzene and dioxan solutions have been measured. The results are summarised in Table 1, 
where «, 8, and y indicate the limiting values of de/dw, dv/dw, and du*/dw, respectively, at 
zero concentration, and the remaining symbols have their usual significance. The dipole 
moment values given under p are calculated on the assumption that Pg, 4 = [Rp]», and 
those under p’ on the assumption that Pz, 4 = 1-05[Rp},. In the following discussion the 
first series of values is used, but, particularly in view of the fact that the Ay (uaioxan — Ubenzene) 
values are almost independent of the method of calculation used, the same conclusions 
would be reached on the basis of the y’ values. 


TABLE 1. Summary of polarisation data at 25°. 


Paw (Rol, pb pe’ Previous 

Solvent 1002 10°8 10%» (c.c.) (c.c.)  (D) (D) values (D) 
p-Toluidine ............... Benzene 191 —133 166 70-8 35-1 1-32 1-30 1-31,5* 1-27 
p-Toluidine ............... Dioxan 290 29 458 82-1 36-0 1-50 1-47 
p-Bromoaniline ......... Benzene 591 —524 217 223-2 384 3-01 2-99 2-99,5* 2-87,7 2-85 °® 
p-Bromoaniline ......... Dioxan 854 —357 413 270-3 39-7 3-36 3-34 
m-Bromoaniline ......... Benzene 472 —525 223 184-6 38-6 2-68 2-66 2-65 5* 
m-Bromoaniline ......... Dioxan 681 —355 375 223-8 38-6 3-01 2-99 
p-Nitroaniline ............ Benzene 3062 -—405 277 826-0 37-3 6-22 6-20 6-4,5 6-32,8 6-17° 
p-Nitroaniline ............ Dioxan 4235 —241 686 991-6 41-4 6-82 6-80 6-68,!° 6-81° 
m-Nitroaniline ............ Benzene 1920 —403 280 528-1 37-2 4-91 4-89 4-94,5* 5-001! 
m-Nitroaniline ............ Dioxan 2507 —219 501 599-5 38-7 5-24 5-22 5-221! 


* Recalculated from original data using modern values of the universal constants. 


The low solubilities of the nitroanilines in benzene restricted the concentration ranges 
which could be studied, but the results are in good agreement with previous measurements. 
For each of the amines studied the apparent moment in dioxan is appreciably higher than 


* Hulett, Pegg, and Sutton, J., 1955, 3901. 

5 Tiganik, Z. phys. Chem., 1931, 14, B, 135. 

® Donle and Gehrckens, ibid., 1932, 18, B, 316. 

? Bergmann and Tschudnovsky, ibid., 1932, 17, B, 116. 

8 Le Feévre and Le Févre, /J., 1936, 1130. 

* Vasiliev and Syrkin, Acta Physicochim. U.R.S.S., 1941, 14, 414. 
1° Kumler and Porter, J]. Amer. Chem. Soc., 1934, 56, 2549. 

'! Davis, Bridge, and Svirbely, ibid., 1943, 65, 857. 
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in benzene, the greatest difference (0-60 D) being observed for f-nitroaniline, the com- 
pound in which the mesomeric effect of the amino-group would be expected to be greatest. 
As was noted for the amines studied previously, the molecular refractions in dioxan solution 
are usually slightly higher than those in benzene solution. 

To calculate the “‘ theoretical ’’ moments of these compounds, i.¢c., the moments which 
would be expected if all groups had group moments equal to the dipole moments of the 
corresponding monosubstituted benzenes, it is necessary to make some assumption regard- 
ing the angle of inclination of the dipole axis in aniline to the N-C bond. If the dipole 
moments of aniline and #-phenylenediamine in benzene solution are taken as 1-53 p ! and 
1-57 p,® respectively, and the amino-groups are assumed to have free and independent 
rotation about the N-C bonds, vector summation indicates that the dipole axis in aniline 
is inclined at either 46}° or 133}4° to the N-C bond. This calculation is not vitiated by 
preferred orientations of the amino-groups with respect to the plane of the ring provided 
that these are independent, i.e., “‘cis’- and “ trans’’-configurations have equal 
probability. Alternatively, from the values of 1-32 and 0°37 p for the moments of 
p-toluidine and toluene, respectively, it follows that if the mesomeric effect of the amino- 
group is the same in #-toluidine as in aniline the angle of inclination of dipole in the latter 
is 49°. Similar calculation from the dipole moment of m-toluidine (1-45 p *), assuming 
free rotation of the amino-group, leads to an inclination of 484°. Considering the 
assumptions made the three results are in very satisfactory agreement, and indicate that 
no great error can be introduced if the angle is taken as 484°, the positive end of the dipole 
being away from the aromatic ring. 

On combining this result with the dipole moment in benzene solution of appropriate 
mono-substituted benzenes (PhX), the ‘theoretical’? moments for the substituted 
anilines are given by : 


eae” (para) = pppnu,”? + urnx® + 2upnnH,Upnx COS 484° co. +. oo 
Ucalc” (meta) = uppnu,? + Upnx” + Upnnn,Vpnx COS 48}° ae 


In calculating the values shown in Table 2, which includes not only the compounds the 
moments of which have been measured in this work but also other amines for which the 
pertinent data are available, the following values have been taken for the moments of the 
parent mono-substituted benzenes: nitrobenzene 4-01, chlorobenzene 1-58, bromo- 
benzene 1-56, and benzonitrile 4-03 pb. 

In interpreting the difference between the observed and the calculated moment of a 
substituted aniline in terms of an “ interaction moment ”’ arising from the simultaneous 
presence of the two substituents, a definite direction must be assumed for the axis of the 
additional component to the moment. For the f-substituted anilines it has been assumed 
to lie along the axis of the N-C bond, when it is given by : 


Hint (para) = {(Urnnn, COs 484° + Upnx)* + tors? — Ucale?} 
_— (uray, cos 484° + Upnx) . : . : : . : (3) 

For the m-substituted anilines, however, the effect can be regarded as being located partly 
in the substituent as well as in the amino-group. If it is assumed that the contributions 
from the two sources are equal, and directed along the bonds linking the groups to the ring, 
the resultant contribution will act along an axis parallel to the line joining the ring carbon 
atoms carrying the substituents, and will have a magnitude given by : 

Hing (meta) = {2(upnv, COS 48$° + ppnx)® + Hors” — Heatc?}# 

— /3/2(urayu, cos 48}° + Uppx) ° ° . ° ° . (4) 


None of the equations (1)—(4) is invalidated by the existence of any preferred orientations 
of the amino-group with respect to the ring, provided that either (a) in these preferred 
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configurations the hydrogen atoms are on the same side of, and equidistant from, the plane 
of the ring, or (b) there are four preferred configurations with mirror-image symmetry with 
respect to one another. 

The differences, Au, between the apparent moments in dioxan and in benzene show a 
fairly systematic variation with the interaction moments, but the relation becomes clearer 
when the differences are evaluated vectorially. If Ay is assumed to arise exclusively from 
electron-shifts in the amine molecule, it must involve increases in both the mesomeric 
moment of the amino-group and the interaction moment. For aniline, therefore, it can be 


TABLE 2. 
Heale (D) Hbenzene (D) Hint (DP) Hdioxan (I) Ap (pb) Apyect (D) 
SPO Te 1-53 1-53 - 1-77 0-24 0-33 
p-Toluidine ................ 1-32 1-32 1-50 0-18 0-31 
p-Bromoaniline ............ 2-82 3-01 0-20 3-36 0-35 0-38 
m-Bromoaniline......... 2-52 2-68 0-19 3-01 0-33 0-38 
p-Nitroaniline ............ 5-16 6-22 1-08 6-82 0-60 0-61 
m-Nitroaniline ............ 4-75 4-91 0-18 5-24 0-33 0-39 
p-Chloroaniline ............ 2-84 3-01 ? 0-19 3-39 * 0-38 0-40 
4-Diphenylylamine ...... 1-53 1-74 12 0-29 2-02 3 0-28 0-36 
p-Aminobenzonitrile ...... 5-18 5-96 38 0-80 6-46 !* 0-50 0-51 
B-Naphthylamine ......... 1-53 1-77 ® 0-33 2-10° 0-33 0-41 


interpreted in terms of an additional component to the moment, Ayp,yxu,, directed along the 
axis of the N-C bond. For other amines, however, there will be an additional component, 
Au’, directed along the axis of the interaction moment and superimposed upon the com- 
ponent Auppwa, already present when aniline is studied in dioxan solution. 

For p-substituted anilines both these components act along the same axis. Hence 
equation (3) can be used to calculate the total interaction moment from the apparent 
moment in dioxan and the calculated moment for benzene solutions. Subtraction of the 
interaction moment in benzene solution then gives the vectorial value, Ayyect, of the 
additional moment in dioxan solution. 

For m-substituted anilines Ay’ and Ayuppyn, act along axes inclined at 30° to one another. 
The sum of the former and the normal interaction moment is given by : 

int + Ay’ (meta) = {2(upnnn, COS 484° + upnx + Aupnyn,)? + Hons? 
— Ueaic? — Aupann,(2urnyn, Cos 483° + upnx + Aupnnu,)}! 
— o/3/2(urnnu, cos 48}° + Uppx + Auppyu,) ‘ . . ° ° . . (5) 


From this the value of Ay’ is obtained by subtracting the y;,, value for benzene solutions, 
and by vector summation of Ay’ and Auppyu, the total Apyecy value for the m-substituted 
amine is obtained. For m-nitroaniline and m-bromoaniline the alternative and simpler 
method of assuming the whole of the additional component to the moment arising in 
dioxan solution to be directed along the axis of the interaction moment leads to Apyec 
values 0-03 D less than those shown in Table 2 and derived by using equation (5). 

There is a marked parallelism between the ping and Apyecy values shown in Table 2: 
when these are plotted against one another all points excepting that for 4-diphenylylamine 
lie within experimental error (--0-02 pb) of the straight line Ay... = 0°33 + 0-255 vin. It 
may be noted that this would lead to a value of Apyecy = 0 when ping = —1-29D. It may 
be fortuitous, but this is of the same order of magnitude as the mesomeric moment of 
aniline calculated from the moment of -butylamine or cyclohexylamine. If the moment 
of an aliphatic amine is taken as 1-32 p, the value obtained for the mesomeric moment of 
aniline varies between 1-2 and 1-4 D according to the assumption made regarding the direc- 
tion of the axis of the dipole in the aliphatic compound. 


12 Halverstadt and Kumler, ibid., 1942, 64, 2988. 
13 Curran and Estok, ibid., 1950, 72, 4575 
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The high values of both ping and Apyecy for p-nitroaniline and p-aminobenzonitrile are 
accounted for by the fact that the mesomeric effects of the two polar groups act in con- 
junction, and hence mutually enhance one another. In m-nitroaniline, on the other hand, 
such conjugation between the mesomeric effects of the two substituents cannot occur. 
The only interaction possible is that between the inductive effect of the nitro-group and the 


TABLE 3. Polarisation data. 


100w € v Np 100w € v Np 
p-Toluidine in benzene m-Nitroaniline in benzene 
0-0000 2-2725 1-14460 1-4980 0-0000 2-2725 1-14459 1-4980 
0-6381 2-2852 1-14371 1-4983 0-1481 2-3006 1-14403 - 
0-9689 2-2911 1-14331 1-4985 0-2716 2-3247 1-14358 - 
1-2649 2-2967 1-14290 1-4987 0-4154 2-3523 1-14303 1-4984 
1-5544 2-3024 1-14253 1-4989 0-5324 2-3753 1-14256 
1-8586 2-3086 1-14211 1-4990 0-6361 2-3957 1-14212 1-4986 
2-0379 2-3118 1-14142 1-4991 0-7416 2-4158 1-14167 as 
3-2662 2-3358 1-14027 1-4998 0-8656 2-4416 1-14111 1-4988 
3°3365 2-3374 1-14017 1-4999 . a : 
3-3638 29-3379 114011 1-4999 m-Nitroaniline in dioxan 
3-7640 2-3456 —- 1-5001 0-0000 2-2169 0-97322 1-4200 
6-1371 2-3928 1-13641 1-5013 0-5884 2-3647 0-97193 1-4209 
eee REb ; 1-1338 2-5076 0-97071 1-4219 
p-Toluidine in dioxan 1-7381 2-6620 0-96940 1-4230 
0-0000 2-2122 0-97309 1-4199 2-3073 2-8126 0-96821 1-4240 
0-6111 2-2298 0-97325 1-4209 © 2-8900 2-9684 0-96690 1-4250 
1-2117 2-2470 0-97344 1-4219 5-5876 3-7173 0-96106 1-4298 
1-9778 2-2695 0-97364 1-4230 "ee 
2-5478 2-2860 0-97381 1-4240 p-Bromoaniline in benzene 
3-7677 2-3216 0-97419 1-4260 0-0000 2-2725 1-14457 1-4978 
5-8703 2-3832 0-97479 1-4293 0-4137 2-2971 1-14244 1-4980, 
a = 0-8649 2-3236 1-14003 1-4983, 
p-Nitroaniline in benzene 1-2547 2-3474 1-13798 1-4988 
0-0000 2-2725 1-14460 1-4980 1-6885 2-3735 1-13567 1-4990 
0-0622 2°2915 1-14437 — 2-3484 2-4135 1-13220 1-4995 
0-1113 2-3068 1-14415 1-4981 3-3782 2-4771 1-12695 1-5003 
0-1716 — 1-14389 ~- "Tose ee 
0-2025 29-3354 1-14377 cme *p-Bromoaniline in dioxan 
0-2612 2-3538 1-14357 1-4982 0-0000 2-2152 0-97368 1-4194 
0-3336 2-3768 1-14322 — 0-6200 2-2684 0-97148 1-4203 
0-3618 2-3854 1-14311 1-4984 1-2231 2-3207 0-96929 1-4212 
me —_—= ; 1-8509 2-3749 0-96707 1-4221 
p-Nitroaniline in dioxan 9-477 2-4303 0-96482 1-4230 
0-0000 2-2120 0-97304 1-4200 3-1159 2-487: 0-96258 1-4239 
0-6259 2-4799 0-97152 1-4215 40471 2-5711 0-95925 1-4253 
1-1971 2-7289 0-97015 1-4229 “een : 
1:8488 83-0183 0-96857 1-4244 m-Bromoaniline in dioxan 
2-4947 3-3065 0-96701 1-4261 0-0000 2-2081 0-97304 1-4201 
3-7102 3-8820 6-96418 1-4292 0-4723 2-2404 0-97133 1-4207 
-_ 1-0489 2-2801 0-96932 1-4215 
m-Bromoaniline in benzene 1-5168 29-3152 0-96764 1-4221 
0-0000 2-2725 1-14462 1-4977 1-9210 2-3408 0-96622 1-4227 
0-5453 2-2984 1-14178 1-4981 2-4336 2-3768 0-96439 1-4232 
1-1485 2-3271 1-13860 1-4986 3-0376 2-4198 0-96226 1-4242 
2-1855 2-3768 1-13312 1-4994 
2-7200 2-4031 1-13035 1-4998 
3-5843 2-4453 1-12581 1-5002 


mesomeric effect of the amino-group, which will lead to a slight increase in each. The fact 
that the interaction moments in p- and m-bromoaniline are almost equal suggests that in 
each case the strong inductive effect of the bromine atom increases the mesomeric effect of 
the amino-group, thus resulting in a diminution in the mesomeric effect of the bromine 
atom and a slight increase in its inductive effect relative to that in bromobenzene. The 
greater values of both ping and Atrect for p-diphenylylamine and §-naphthylamine as 
compared with aniline are attributable to transmission of the mesomeric effect into the 
additional conjugated system, such as is observed also for the corresponding nitro- 
compounds. 
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EXPERIMENTAL 


Materials.—Benzene was purified as described in Part I.1 Dioxan was repeatedly refluxed 
with sodium and then fractionally distilled under anhydrous conditions. 

Commercial pure p-toluidine was recrystallised from alcohol and then from benzene: it had 
m. p. 44-8°. Commercial pure p-nitroaniline, recrystallised from water, had m. p. 148-9°, 
whilst m-nitroaniline, prepared by reduction of m-dinitrobenzene with sodium polysulphide and 
recrystallised from water, had m. p. 112-4°. -Bromoaniline, prepared by bromination of 
acetanilide and subsequent hydrolysis, and recrystallised from cyclohexane, had m. p. 63-5°. 
m-Bromoaniline was prepared by bromination of nitrobenzene by Johnson and Gauerke’s 
method,!* followed by reduction of the m-bromonitrobenzene by Mathieson and Newbery’s 
method.'> It was redistilled several times under reduced pressure and had b. p. 120°/15 mm. 

Methods and Results.—The dielectric constants, specific volumes, and refractivities of the 
solutions were determined at 25° by the methods used in the previous investigations. The 
results are recorded in Table 3. For some of the compounds the dielectric constants of the 
solutions were linear with w over the concentration range studied, and hence the slope of the 
best straight line through these points was taken as «, but where the relation was not linear 
the limiting value of de/dw at low concentration was used. In all cases both v and n? were 
linear with w, and the slopes of the best straight lines were taken as 8 and y, respectively. 


Grateful thanks are tendered to the Department of Scientific and Industrial Research for a 
Maintenance Grant to S. M. W. and to Imperial Chemical Industries Limited for a grant and 
or the loan of a precision variable condenser. 
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1 Johnson and Gauerke, Org. Synth., Coll. Vol. I, 2nd edn., p. 123. 
15 Mathieson and Newbery, /., 1949, 1136. 


630. Four-carbon Saccharinic Acids from the Alkaline Degradation 
of 3-O-Methyl-L-glycerotetrulose and 4-O-Methyl-p-threose. 
By G. N. RICHARDS. 


3-O-Methyl-L-glycerotetrulose is degraded by lime-water mainly to wy-di- 
hydroxybutyric acid, but lactic and formic acid are also formed. Similar treat- 
ment of 4-O-methyl-p-threose yields «$-dihydroxy-x-methylpropionic acid. 


PREVIOUS generalisations ' indicate that alkaline degradation of the 3- and 4-O-methyl- 
tetroses should yield «zy-dihydroxybutyric and «§$-dihydroxy-«-methylpropionic acid 
respectively. To verify this and to aid future work suitable mono-O-methyltetroses have 
been prepared. 


H H ys 
fe) = yi 
Hu O—CMe, H O- CMe, H O—CMe, 
| — > OHC | —> 4HO-H,C Meo | 
HONH MeO fcH-o MeO /CHsO ff CHrO 
. OHC HO-H,C 
HO H H 
(1) (IL) 
OMe 


HO-CH,-C-CO-CH,-OH 
H (III) 


3-O-Methyl-L-glycerotetrulose (III) was prepared from 3-O0-methyl-1 : 2-0-isopropyl- 
idene-D-fructose (1) by a method similar to that reported ? for L-glycerotetrulose. 


1 Kenner and Richards, J., 1955, 1810. 
* Gorin, Hough, and Jones, J., 1955, 2699. 
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Degradation of 3-O-methyl-L-glycerotetrulose (III) by lime-water yielded mainly 
«y-dihydroxybutyric acid (IV) with smaller amounts of lactic and formic acid. In analogy 
with the alkaline degradation of 3-O-methyl-p-fructose,? the annexed reaction scheme is 
postulated. «y-Dihydroxybutyric acid (IV) was separated from the other acidic products 
and characterised as its brucine salt and anilide, but the present procedure appears less 
suitable than earlier methods ‘ for its preparation. 


CH,°OH CH-O- CHO CO:H 

be ae C-OH qe hess —_> CH-OH 
oe Oe modi CH cu, 
(11) pe CH,-OH | ae CH,-OH 

| 4 MeO- (IV) 

CH,‘OH CO.H 

co et CH-OH + MeOH 

H,-OMe CH, 
CHO ——_> Polymers 


The preparation of 4-O-methyl-p-threose (IX) by periodate oxidation of methyl 6-0- 
methyl-p-galactofuranoside (V) was difficult because of resistance of the product (VI) to 
acid hydrolysis and because of decomposition of the ether (IX) produced. In the light of 





CHOMe ———CH-OMe r———CH-OMe 2a ces 

| H+C-OH | CHO | CH-OH | HO-CH- : 
\ fe) 

ve — CHO fe) SO ) FHIOH), 

| i | O 

bn i —— <0 | GHOH — 4 | 
H-C-OH H-C-OH mah 3 re _ 
CH,-OMe CH,-OMe 1++-OH CH,-OMe 

CH,-OMe 
(Vv) (VI) (VII) (VIII) 

+ ed ; a 

quo qHO 

XK .. a ‘' . yt HOFH 4. CHO 
- - H-C-OH 

mh (XI) iol 
| ‘OH HO’ ree (IX) CH,-OMe MeOH 


recent work two stable compounds (VII) and (VIII) may be derived from the oxidation 
product (VI). For example, Mester ® has proposed the structure (X) for periodate oxy- 
cellulose. Comparison with the results of Jayme and Maris * indicates that structure (XI) 
proposed by Head’? may be more likely, but both possibilities provide an analogy for 


3’ Kenner and Richards, J., 1954, 278. 

* E.g., Glattfeld and Sander, J]. Amer. Chem. Soc., 1921, 48, 2675. 
5 Mester, ibid., 1955, 77, 5452. 

® Jayme and Maris, Ber., 1944, 77, 483. 

7 Head, Shirley Inst. Mem., 1951, 25, 220. 
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structure (VIII). However, earlier work ** on oxidised monosaccharides indicates that 
structures of type (VII) may also be formed. In the present case there is insufficient 
evidence to decide between the two possibilities but both formule (VII) and (VIII) 
contain a 6-membered hemiacetal ring which may be connected with a resistance to acid 
hydrolysis more reminiscent 1° of a pyranoside than of the original furanoside (V). The 
resistance to hydrolysis may also depend on the inductive effect of the aldehyde group 
or its hydrate. 

The difficulties inherent in hydrolysing this type of periodate oxidation product when 
the hydrolysis products are subject to further degradation by acid, have been emphasised 
by Smith and his co-workers," and it appears to be a general rule that the resistance to acid 
hydrolysis, which must be connected either with the presence of the aldehyde groups or 
with some stable ring-form derived from them, is much diminished by reduction of the 
aldehyde, the alcohol produced being relatively easily hydrolysed.1* Thus, for example, 
compound (II) was very readily hydrolysed. 

The above effect has previously resulted in poor yields of D-erythrose from periodate- 
oxidised starch,’ and in the case of compound (VI) also a very poor yield of 4-O-methy]l- 
p-threose (IX) (13-7°, after chromatography) was obtained and characterised as the 


CHO CH,-OH CH,-OH H,-OH H,-OH 
HOCH === 90 === CO —e ¢0 —» | i 
H-C-OH H-C-OH - C-OH C-OH CO,H 
(IX) CH,OMe CH,-OMe CH,-OMe cH, (X11) 


phenylosazone. Degradation by lime-water in accordance with the expectations derived 
from the similar case of 4-O-methyl-p-glucose ! yielded «$-dihydroxy-a-methylpropionic 
acid (XII). The acid was not resolved, but consumed two mols. of periodate in accordance 
with structure (XII) and was characterised as its brucine salt. 


EXPERIMENTAL 

The following were used in paper chromatography with Whatman No. 1 paper at 25°: 
solvent (a), butan-l-ol-ethanol—water ™ (4: 1-1: 1-9); (b) ethyl acetate—acetic acid—water '5 
(10: 1-3: 1); (c) butan-l-ol—pyridine—benzene—water (4:2:1:1); spray (a), sodium meta- 
periodate, potassium permanganate; ?* (b) silver nitrate, sodium hydroxide; 1’ (c) bromo- 
phenol-blue;** (d) hydroxylamine, ferric chloride.1® For 2:3: 4: 6-tetra-O-methyl-p- 
glucose Rg = 1-00, and for lactic acid Ry,= 1-00. 

Preparation of 3-O-Methyl-L-glycerotetrulose —3-O-Methyl-1 : 2-4 : 5-di-O-isopropylidene- 
p-fructose was prepared from the appropriate di-O-isopropylidene-p-fructose with dimethyl 
sulphate and sodium hydroxide in dioxan * and had the properties recorded by Irvine and 
Scott.24 


Partial Hydrolysis of 3-O-Methyl-1 : 2-4: 5-di-O-isopropylidene-D-fructose—When the 


* Hurd, Baker, Holysz, and Saunders, J. Org. Chem., 1953, 18, 186; Maclay, Hann, and Hudson, 
]. Amer. Chem. Soc., 1939, 61, 1660. 

® Cf. Barry and Mitchell, J., 1953, 3631. 

10 Haworth, Ber., 1932, 65, 50. 

1! Abdel-Akher, Hamilton, Montgomery, and Smith, J. Amer. Chem. Soc., 1952, 74, 4970. 

12 See, e.g., Smith and Van Cleve, ibid., 1955, 77, 3091. 

8 Overend, Stacey, and Wiggins, J., 1949, 1358; Jackson and Hudson, J]. Amer. Chem. Soc., 1937, 
59, 2049. 

™ Hough, Jones, and Wadman, /., 1950, 1702. 

18 Moilanen and Richtzenhain, Acta Chem. Scand., 1954, 8, 704. 

16 Lemieux and Bauer, Analyt. Chem., 1954, 26, 920. 

17 Trevelyan, Proctor, and Harrison, Nature, 1950, 166, 444. 

18 Brown, Biochem. J., 1950, 47, 598. 

1® Abdel-Akher and Smith, J]. Amer. Chem. Soc., 1951, 78, 5859. 

*° Cf. Lindberg and Wickberg, Acta Chem. Scand., 1954, 8, 569. 

*1 Irvine and Scott, J., 1913. 108, 564 
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diisopropylidene derivative (30-5 g.) in 80% acetic acid (200 ml.) was kept at 25°, the specific 
rotation varied as follows : 


Time (Bf.) <ccccncseese 0-1 1-0 2-0 3-0 4-3 5-0 6-0 
ES SESE — 125° —123-5° —121-5° — 120° 118°— —117-5° —117° 


After 6 hr. the solution was evaporated to dryness under reduced pressure, and the residue 
diluted with water (200 ml.). After filtration from unchanged starting material (8-2 g., 27%), 
the aqueous solution was left at room temperature for 20 hr. over Amberlite resin IRA-400(OH) 
(10 g.) to remove traces of acid and any 3-O-methyl-p-fructose. The filtered solution was next 
extracted continuously with light petroleum (b. p. 40—60°) for 3 hr., then evaporated to yield 
3-O-methyl-1 : 2-O-isopropylidene-D-fructose as a colourless syrup (19-03 g., 72-5%), having, 
when dried at 50°/0-01 mm. over P,O,, [«]?? —126° (c 5 in EtOH) (Found: C, 50-9; H, 7-9; 
OMe, 13-9. C,9H,,0, requires C, 51-25; H, 7°75; OMe, 13-2%). 

Acetic anhydride in pyridine yielded a crystalline diacetate (96%), having, after recrystal- 
lisation from ethyl acetate—light petroleum, m. p. 97—98°, [a]?? —119° (c 1 in EtOH) (Found : 
C, 52-5; H, 6-95. C,,H,.O, requires C, 52-8; H, 7-0%). 

Periodate Oxidation of 3-O-methyl-1 : 2-O-isopropylidene-p-fructose-—(a) Consumption of 
periodate by 3-O-methyl-1 : 2-O-isopropylidene-p-fructose (0-1290 g.) in 0-02mM-sodium meta- 
periodate (50 ml.), measured by reaction with acidic potassium iodide and titration with sodium 
thiosulphate, was 0-70 (10 min.), 0-88 (1 hr.), 0-955 (2 hr.) mole/mole. 

(b) An aqueous solution (100 ml.) of 3-O-methyl-1 : 2-O-isopropylidene-p-fructose (5-25 g.) 
and sodium metaperiodate (5-3 g.) was kept at room temperature 1 hr., then evaporated to 
dryness under reduced pressure. The residue was extracted several times with boiling dry 
ether, and the extracts on evaporation yielded a colourless, syrupy dialdehyde (5-10 g.). Part 
of this material (0-160 g.) was heated under reflux for 20 hr. with 2 : 4-dinitrophenylhydrazine 
(0-26 g.) in ethanol (50 ml.); addition of water then precipitated a bis-2 : 4-dinitrophenyl- 
hydvazone, which recrystallised from benzene-—light petroleum as yellow needles, m. p. 183— 
185° (Found: C, 44-3; H, 4-2; N, 19-1. C,,H,,0,.N, requires C, 44-6; H, 4-1; N, 18-9%). 

3-O-Methyl-L-glycerotetrulose—The above dialdehyde (4-90 g.) was heated in dry ether 
(100 ml.) with lithium aluminium hydride (1 g.) under reflux for 15 min. Methanol (10 ml.) 
was next added, dropwise, followed by water (50 ml.), and organic solvents were removed by 
distillation. Dilute sulphuric acid was added to pH 9 and the filtered solution evaporated to 
dryness. The residue was extracted with boiling acetone-ether (2:1; 5 x 50 ml.) and on 
evaporation the extracts yielded a syrupy diol (4-98 g.), acetylation and toluene-p-sulphonyl- 
ation of which gave amorphous products. 

The diol (4-44 g.) was hydrolysed by 0 05n-sulphuric acid (50 ml.) at 100° for 1 hr., and the 
solution neutralised with Amberlite resin IR-4B and evaporated to a colourless mobile syrup 
(3-69 g.). Paper chromatography in solvent a, with spray a, showed two spots (Rg 0-73, 0-67) 
corresponding to ethylene glycol and the supposed 3-O-methyl-.-glycerotetrulose respectively. 
A solution of the syrup in water (40 ml.) was transferred to a carbon—Celite column (80 x 4 cm.) 
and a linear gradient elution ® carried out from water (4 1.) to 20% ethanol (41.). Ethylene 
glycol was first eluted, followed by pure 3-O-methyl-.-glycerotetrulose, which was obtained as a 
colourless syrup (1-50 g.) by evaporation of the relevant solutions after de-ionisation with mixed 
Amberlite resins IR-120(H) and IR-4B. When dried at 50°/0-1 mm. over P,O, the tetrulose 
had [a]}? —17-7° (c 5in H,O) (Found: OMe, 22-2. C,;H,,O, requires OMe, 23-1%). 

The syrupy tetrulose (0-40 g.) was heated with 15% acetic acid (10 ml.) containing pheny]l- 
hydrazine (1-0 ml.) at 70° for 1 hr. 3-O-Methyl-1-glycerotetrosazone rapidly separated as a 
yellow powder (0-94 g.), and when twice recrystallised from aqueous ethanol had m. p. 157—158° 
(Found: C, 65-4; H, 6-2; N, 17-7. C,,H,9O,N, requires C, 65-3; H, 6-5; N, 17-95%). 

Action of Lime-water on 3-O-Methyl-.-glycerotetrulose—(a) Quantitative. The alkalinity of 
a solution of the tetrulose (0-0940 g.) in oxygen-free 0-040N-lime-water (50 ml.) at 25° fell to 
a constant value, which after 94 hr. corresponded to the formation of 0-96 equiv. of acid. Paper 
chromatography in solvent a, with spray a, indicated disappearance of the original tetrulose 
(Rg 0-67), intermediate formation and disappearance of a supposed 3-O-methyltetrose (Rg 0-62), 
and rapid formation and persistence of a small amount of an unidentified substance (Rg 0-44). 

(b) Qualitative. A solution of 3-O-methyl-t-glycerotetrulose (0-64 g.) in oxygen-free 0-04N- 
lime-water (200 ml.) was kept at room temperature overnight, then saturated with carbon 
dioxide and concentrated to ca. 50 ml. After filtration from calcium carbonate the solution 
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was evaporated to dryness. The pale yellow, solid residue was extracted with boiling acetone, 
leaving the mixed calcium salts (0-57 g.) as a yellowish powder. Paper chromatography in 
solvent b of the salts, after treatment with Amberlite resin IR-120(H), indicated the presence 
of «y-dihydroxybutyric acids (Ry 0-66; sprays c and a), the corresponding lactones (Ry, 0-98, 
sprays d and a), and lactic acid (Ry 1-00, sprays c, a). The salts also gave qualitative tests 
for formic ** and lactic acid.** Traces of an unidentified acid (Ry 0-73) and lactone (Ry, 0-86) 
were also observed. 

The consumption of periodate by the acids from the action of Amberlite resin IR-120(H) 
on the calcium salts (0-0251 g.) in 0-005M-sodium metaperiodate (50 ml.) containing 0-1N- 
sodium hydroxide (1 ml.), was measured by reaction with acidic potassium iodide and titration 
with sodium thiosulphate. The consumption was: 0-40 (1 hr.), 0-66 (18 hr.), 0-78 (70 hr.), 
0-84 (165 hr.) mole/mole. 

An aqueous solution of the calcium salts (0-251 g.) was shaken with excess of Amberlite 
resin IR-120(H) (2 g.) and filtered, and filtrate and washings were diluted to ca. 50 ml. and 
evaporated to dryness under reduced pressure, the distillate being collected at —10°. More 
water (5 ml.) was added and the whole again distilled to dryness, and this was repeated six 
times. The combined distillates when titrated with 0-025Nn-sodium hydroxide corresponded 
to 11-2% of the total acidity and gave qualitative tests for formic acid.*2 The syrupy residue 
was dried over P,O, and then repeatedly extracted with 2:1 ether—light petroleum (b. p. 
40—60°) at the b. p. with decantation. The extracts on evaporation yielded a colourless oil 
(0-015 g.) corresponding on the paper chromatogram to lactic acid, and yielding 4-bromophenacyl 
lactate, m. p. and mixed m. p. 110—112°. 

The residue after ether-extraction was dissolved in ethanol (10 ml.) and benzene (10 ml.), 
aniline (0-2 ml.) was added, and the solution concentrated to a thin syrup on the boiling-water 
bath. The residue was dried over P,O;, then dissolved in benzene (10 ml.) and chloroform 
(5 ml.) and transferred to a bentonite—keiselguhr column (30 x 1-5 cm.).** The column was 
eluted with chloroform followed by chloroform-—ethanol (19: 1), and evaporation of the latter 
eluate yielded a few colourless prisms which, when recrystallised from acetone-ether at — 20°, 
had m. p. 114—116° alone or in admixture with (-+)-«y-dihydroxybutyranilide (kindly supplied 
by Dr. J. W. Green of the Institute of Paper Chemistry, Wisconsin, U.S.A.). 

A further sample of the mixed calcium salts (0-250 g.) was dissolved in water (10 ml.) and 
treated with Amberlite resin IR-120(H). The solution was filtered, neutralised with zinc 
carbonate, boiled for a few minutes, again filtered, concentrated to ca. 2 ml., and kept at 0° 
overnight. A small amount of crystalline zinc lactate was then separated by filtration, the 
filtrate treated with Amberlite resin IR-120(H), and after removal of the resin, heated at 100° 
for 16 hr. with excess of brucine. The resulting solution was filtered, washed with chloroform, 
and evaporated to dryness leaving a pale yellow amorphous residue (0-83 g.) which was dissolved 
in ethanol and fractionally precipitated with ether. Recrystallisation of the earlier fractions 
from ethanol yielded brucine (+)-«y-dihydroxybutyrate, m. p. 167—169° (Found: N, 5-3. 
Calc. for C,,H,,O,N,: N, 5-5%). Glattfeld and Sander‘ report m. p. 169°. 

Preparation of 4-O-Methyl-p-threose—Methyl 6-O-methyl-p-galactofuranoside. A solution 
of 6-O-methyl-p-galactose (20-5 g.) in dry methanol (250 ml.) containing 1% of hydrogen chloride 
showed the following changes in optical rotation at room temperature: [«]!? +46° (1 hr.); 

| 28° (2-5 hr.); +2° (4:5 hr.); —11°(6hr.); —18° (7 hr.); —20°(7-5hr.). At thisstage the 

solution was neutralised with silver carbonate, filtered, and evaporated to a syrup, which 
distilled almost completely at 160—170° (bath-temp.)/0-05 mm. Methyl 6-O-methyl-a8-p- 
galactofuranoside so obtained (17-6 g., 80%) had m}? 1-4810, [a]}? —23° (c 2 in MeOH) (Found : 
OMe, 29-5. C,H,,O, requires OMe, 29-8%). 

The consumption of periodate by this product (0-1050 g.) in 0-02M-sodium metaperiodate 
(50 ml.) at room temperature, measured by reaction with acidic potassium iodide and titration 
with sodium thiosulphate, was 0-19 (0-1 hr.), 0-55 (1-0 hr.), 0-86 (3-0 hr.), 0-95 (5-0 hr.) mole/mole. 
In a similar large-scale reaction an aqueous solution (50 ml.) of methyl 6-O-methyl-«8-p- 
galactofuranoside (5-01 g.) was treated with a solution of sodium metaperiodate (7-7 g., 100 ml.), 
adjusted to pH 7 with sodium hydrogen carbonate solution, and kept at room temperature for 
2 hr. The solution was then evaporated to dryness and the residue extracted with boiling 

22 Hopton, Analyt. Chim. Acta., 1953, 8, 429. 


*3 Eegriwe, Z. analyt. Chem., 1933, 95, 324. 
*4 Elvidge and Whalley, Chem. and Ind., 1955, 589. 
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ethanol-ether (1:1). Evaporation of the extracts yielded a colourless syrup which was 
redissolved in water; the solution was de-ionised with Amberlite resins IR-120(H) and IR-4B, 
and evaporated to a syrupy dialdehyde (4-70 g., 94%), [a]}® +4° (c 1 in H,O), giving a single 
spot on a paper chromatogram (Ry 0-75, solvent c; Ry 0-77, solvent a). 

4-O-Methyl-p-threose. The dialdehyde (10-0 g.) was steam-distilled with 0-5N-sulphuric 
acid (100 ml.) at constant volume for 1 hr. Milder treatments caused very little hydrolysis, 
while more drastic treatment resulted in extensive decomposition. The resulting solution was 
neutralised with barium carbonate, filtered, and evaporated to dryness, and an aqueous solution 
(75 ml.) of the residue (8-57 g.) added to a carbon—Celite column (45 x 5cm.). Elution with 
aqueous ethanol whose concentration was increased by a linear gradient *° from 0 to 50% in 
12 1., yielded fractions : (i) Inorganic and organic salts (1-5 g.). (ii) Pure 4-O-methyl-p-threose 
(0-89 g.), Rg 0-80 in solvent c (see below). (iii) Mixtures of (ii) with the unchanged dialdehyde 
(1-9 g.). (iv) Unchanged dialdehyde (2-3 g.), Rg 0-94, solvent c. 

4-O-Methyl-p-threose was a colourless syrup, [a]i§ +3° (c 2 in H,O) (Found: OMe, 21-9. 
C;H,,O, requires OMe, 23-1%), which readily yielded a phenylosazone (crude yield, 97%), 
recrystallising from aqueous ethanol as a yellow powder, m. p. 121—124° (Found: C, 65-7; 
H, 6-4; N, 18-1. C,,H,9O,N, requires C, 65-3; H, 6-5; N, 17-95%). 

Action of Lime-water on 4-O-Methyl-p-threose.—(a) Quantitative. Formation of acid in a 
solution of 4-O-methyl-p-threose (0-1057 g.) in oxygen-free 0-045n-lime-water (50 ml.) at 25° 
reached a constant value of 1-09 equiv./mole after 165 hr. The final lime-water solution, when 
treated with Amberlite resin IR-120(H) and examined by paper chromatography in solvent b, 
with sprays a and c, gave only a single spot of Ry 0-70. 

(b) Qualitative. A solution of 4-O-methyl-p-threose (0-41 g.) in oxygen-free 0-04Nn-lime- 
water (250 ml.) was kept at 25° for 2 days, then saturated with carbon dioxide, concentrated 
to ca. 10 ml., filtered, diluted with ethanol (100 ml.), and kept at 0° overnight. The calcium 
salts which separated were washed with ethanol and dried to a pale yellow powder (0-30 g.) 
(Found: C, 34-0; H, 4-7. Calc. for CsH,O,Ca;: C, 34:5; H, 5-1%). 

A solution of the calcium salts (0-15 g.) in water (10 ml.) was passed through Amberlite resin 
1R-120(H) and then heated on the boiling-water bath overnight with powdered brucine (0-5 g.). 
The solution was then cooled, filtered from excess of brucine, washed with chloroform, and 
evaporated to dryness. The residue crystallised on trituration with ethanol and recrystallised 
from the same solvent as needles, m. p. 194—195° [«]}8 — 26° (c 1 in H,O) (Found: C, 62-7; 
H, 6-4; N, 5-2. Calc. for C,,H,,O,N,: C, 63-0; H, 6-6; N, 5-5%). Glattfeld and Sherman ** 
recorded [«];, ca. —27°, but no m. p. for racemic brucine «8-dihydroxy-«-methylpropionate. 

A solution of a further sample of the calcium salts (0-0170 g.) after passage through a column 
of Amberlite resin IR-120(H) was treated with 0-05m-sodium metaperiodate (10 ml.) and 
0-1N-sodium hydroxide (1 ml.) and then diluted to 50 ml. The consumption of periodate was 
determined in aliquot portions by reaction with acidic potassium iodide and titration with 
sodium thiosulphate as follows: 0-50 (0-8 hr.); 0-82 (17 hr.) [at this point N-sodium hydroxide 
(0-5 ml.) was added to the remaining 40 ml. (cf. ref. 26)]; 1-27 (22-5 hr.); 1-48 (41 hr.); 1-68 (65 
hr.); 1-79 (137 hr.). In a separate experiment an attempt to identify the products of the 
oxidation resulted only in the isolation of formaldehyde as its 2: 4-dinitrophenylhydrazone, 
m. p. and mixed m. p. 167—168°. 


This work forms part of a programme of fundamental research undertaken by the Council 
of the British Rayon Research Association. 


BRITISH RAYON RESEARCH ASSOCIATION, HEALD GREEN LABORATORIES, 
WYTHENSHAWE, MANCHESTER, 22. [Received, March 18th, 1957.) 


25 Glattfeld and Sherman, /. Amer. Chem. Soc., 1925, 47, 1742, and earlier references. 
26 Sprinson and Chargaff, J. Biol. Chem., 1946, 164, 433. 
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631. Mesomorphism and Chemical Constitution. Part I1X.* The 
Preparation and Mesomorphic Behaviour of the 7-n-Alkoxy-fluorene- 
and -fluorenone-2-carboxylic Acids and their n-Propyl Esters. 


By G. W. Gray and A. I[BBoTSON. 


Four n-alkyl ethers derived from 7-hydroxy-fluorene- and -fluorenone-2- 
carboxylic acids together with their n-propyl esters have been prepared. As 
is the case with the 4’-n-alkoxydiphenyl-4-carboxylic acids and their ”-propyl 
esters,’ the above fluorene derivatives are mesomorphic, whilst the fluorenone 
derivatives are not. The relative mesomorphic behaviours of the diphenyl, 
fluorene, and fluorenone acids and esters are discussed, and the results shown 
to be in agreement with the general trends? for the mesomorphic mono- 
and di-anils derived from 4-aminodiphenyl, 2-amino-fluorene and -fluorenone, 
benzidine, and 2: 7-diamino-fluorene and -fluorenone. The low mesomor- 
phic thermal stabilities expected for the fluorenone acids and esters together 
with their high melting points explain the absence of mesophases in these 
compounds. The mesomorphic data indicate that the diphenyl ring system 
is planar in the mesomorphic states of such compounds. 


7-ALKOXY-FLUORENE- and -fluorenone-2-carboxylic acids are not readily prepared, and 
their synthesis will be discussed before their mesomorphic behaviour. 2-Methoxyfluorene 
is known to give 7-acetyl-2-methoxyfluorene * (27%) which may be oxidised in two stages 
to give good yields of 7-methoxyfluorene-2-carboxylic acid and 7-methoxyfluorenone-2- 
carboxylic acid.* Because of the poor yield in the Friedel-Crafts reaction we started 
with 2-acetoxyfluorene which MacGregor, Neblett, and Cook * converted into 2-acetoxy-7- 
acetylfluorene in 85°% yield, although our yields in a large number of runs were never 
higher than 58%. The ester was hydrolysed by alkali to 2-acetyl-7-hydroxyfluorene more 
satisfactorily than by the acid used by MacGregor et al. The hydroxy-ketone was 
methylated and then oxidised to the known 7-methoxyfluorene-2-carboxylic acid, thereby 
verifying the orientation of the substituents in 2-acetoxy-7-acetylfluorene. The synthesis 
would have been considerably shortened had it not proved impossible to dealkylate the 
methoxy-acid or to oxidise 2-acetyl-7-hydroxyfluorene; the required 2-acetyl-7-alkoxy- 
fluorenes had to be prepared separately, and each one oxidised to the 7-alkoxyfluorene-2- 
carboxylic acid. These sodium hypobromite oxidations must be carried out under fairly 
critical conditions, and quite small variations from the best reaction temperature may 
result in incomplete reaction or even oxidation of the methylene group. The alkoxy- 
fluorene acids were then oxidised to the fluorenone acids by sodium dichromate. This 
procedure was adopted since 7-hydroxyfluorenone-2-carboxylic acid could not be obtained 
either by dealkylation of the methyl ether or by simultaneous oxidation of the acetyl and 
the methylene group in 2-acetyl-7-hydroxyfluorene. The complete synthesis is quite 
extended, and it did not seem justifiable to prepare the usual homologous series of thirteen 
alkoxy-acids when the average mesomorphic thermal stabilities of only four (heptyl- 
decyl) were to be used for comparison with other diphenyl, fluorene, and fluorenone com- 
pounds which have been studied. However, since the methoxyfluorene acid was known,’ 
it seemed worth while to prepare the propyl and pentyl ethers in order to establish whether 
the nematic-isotropic transition point curve for acids with an odd number of carbon atoms 
in the alkyl chain was of the usual form. 


* Part VIII, Gray, Brynmor Jones, and Marson, J., 1956, 393. 
' Gray, Hartley, and Brynmor Jones, J., 1955, 1412. 

* Gray, Hartley, Ibbotson, and Brynmor Jones, /., 1955, 4359. 
> Gray, Hartley, and Ibbotson, J., 1955, 2686. 

* MacGregor, Neblett, and Cook, J. Org. Chem., 1954, 19, 626. 
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The acids and esters studied are contained in the following Tables, with their melting 


points and mesomorphic transition temperatures. Several of the 2-acetyl-7-alkoxy- 
fluorenes exhibit smectic phases and are also recorded. 


TABLE 1. 2-Acetyl-7-n-alkoxyfluorenes. 


Temp. of transition to : Temp. of transition to: 
Alkyl smectic isotropic Alkyl smectic isotropic 
| ne ae _ 130-5° i, SO 98° 108-5° 
ere _— 153 SONGS Gscctin vison 100 110 
a - 117 BUGGED sasicccontyiee gene 97-5 109 
ee 106 108 
TABLE 2. 7-n-Alkoxyfluorene-2-carboxylic acids and n-propyl esters. 
Acids Esters 
Temp. of transition to Temp. of transition to 
Alkyl smectic nematic isotropic smectic isotropic 
Methyl ........sscceee _ 267-5° 294° — —* 
BROS  ccncesdeccoosss — 222 279 —~ —* 
PREG! oc cccccsvccesesese — 197 266 — —* 
| ee 204-5° 216 255-5 68° 114° 
2, reer 206-5 226-5 252-5 67 112 
BOINTS covcscscsscescanes 203-5 234 246 78 110 
BOGE wssscsocscscescese 200-5 236-5 241-5 68 108 
* Not prepared. 
TABLE 3. 7-n-Alkoxyfluotenone-2-carboxylic acids and n-propyl esters. 
Acids I-sters 
Alkyl M. p. Alkyl M. p. Alkyl M. p. Alkyl M. p. 
Heptyl ...... 277°5° Nony] ......... 269-3° Heptyl ...... 84° Nony] ......... 115° 
CHEESE. cdcoscess 272-5 Dacyl 20.0000. 265 CUE. enicrcces 81 DOCS 200000050 96-5 


Plots of the mesomorphic transition points against the number of carbon atoms in the 
alkyl chains for the above series are not given here since they reveal no unusual features. 
The nematic-isotropic transition points for the fluorene acids containing an odd number 
of carbon atoms in the alkyl chain lie on a smooth falling curve, similar to but steeper than 
that for the analogous 4’-n-alkoxydiphenyl-4-carboxylic acid.1 The transition points 
for the even-chain members (octyl and decyl) are slightly above this curve as the usual 
alternation of mesomorphic-isotropic transition points in homologous series would lead 
one to expect. The smectic—-nematic transition points for the heptyl-decy] fluorene acids 
lie on the customary rising curve. Only four smectic-isotropic transition points for the 
propyl! 7-alkoxyfluorene-2-carboxylates were obtained, and between these there is a regular 
decrease of 2° for each unit increase in the alkyl chain length. The alternation is there- 
fore reduced to such a degree in this series that the points lie on a falling straight line, 
which is again steeper than that for the analogous propyl esters of the diphenylcarboxylic 
acids. The four smectic—isotropic points for the 2-acetyl-7-alkoxyfluorenes on the other 
hand show appreciable alternation, but, of more interest than this, the two pairs of points 
obviously constitute sections of two rising smectic-isotropic transition-point curves. As 
already reported,' this effect has been observed in the propyl 4’-n-alkoxydiphenyl-4- 
carboxylates where the smectic-isotropic transition-point curves for the even and odd 
carbon chains rise in the initial stages of the homologous series, and is probably a function 
of the way in which the relative intermolecular terminal and lateral cohesions change 
along a homologous series. 

The relative behaviours of these 7-alkoxy-fluorene- and -fluorenone-2-carboxylic acids 


and their propyl esters can be compared with one another and with those of the analogous 
5N 
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4’-alkoxydiphenyl-4-carboxylic acids and esters. These derivatives will henceforth be 
referred to simply as the diphenyl, fluorene, and fluorenone acids and esters. In the 
following comparisons of the relative mesomorphic behaviours of these compounds the 
average smectic-nematic, smectic—isotropic, and nematic~isotropic transition temperatures 
for the heptyl, octyl, nonyl, and decyl ethers have been used where appropriate in all cases. 

Considering the diphenyl and fluorene esters first, there is a decrease in relative meso- 
morphic thermal stability of 9° from the fluorene to the diphenyl esters (see Table 4). 
This stability difference is very similar to that between the 2-f-alkoxybenzylideneamino- 
fluorenes and the 4-f-alkoxybenzylideneaminodiphenyls,? where again the fluorene 
derivatives were the more stable. 

The behaviour of the two sets of anils has already been discussed fully ? and we need 
concern ourselves only with the relative properties of the esters and anils. To compare 
these, the smectic-nematic transition temperatures of the anils and the smectic—isotropic 
transition temperatures of the esters, which have no nematic properties, must be considered. 
The figures to be compared are the 10-5° and 9° decreases shown in Table 4. The effect 
of the diphenyl and fluorene ring systems on the thermal stabilities of the smectic phases 
of the anils and esters is therefore very similar, and indicates that these ring systems cause 
the same changes in molecular packing and intermolecular cohesion irrespective of whether 
the molecule is an ester or an anil. 


TABLE 4. 
Average transition 
Molecule type temp. (C, — C49) Fluorene Diphenyl Decrease 
OEE sicker cvsevndnacstseseneonsn Smectic—isotropic 111° 102° 9° 
. Smectic—nematic 166 155-5 10-5 
Monoanils ..........sseeereeees Nematic—isotropic 186-5 16° 24-5 


Despite the non-collinearity of the planar fluorene ring system ° therefore, the fluorene 
esters and monoanils give more stable mesophases than are found in the analogous diphenyl 
derivatives. The reasons are doubtless the same in each case. If we make the reasonable 
assumption that the fluorene and diphenyl esters pack in approximately the same way in 
the smectic phase, we would expect the lateral cohesions to be greater in the fluorene 
esters, because of the permanent polarisation of the fluorene nucleus (0-65 bp) and the 
greater polarisability of the fluorene compound. The latter effect will of course enhance 
the terminal cohesions too, but evidently not to such a degree that a nematic phase can 
exist in the fluorene esters. These considerations, already applied to the monoanils,? 
explain the greater smectic thermal stability in the fluorene derivatives. 


TABLE 5. 
Average transition 
Molecule type temp. (C; — C9) Diphenyl Fluorene Decrease 
Acids smectic—nematic 255° 225° 30° 
BES ccccccccccsevcccccescoscoes nematic-isotropic 261-5 244-5 17 
Dianils smectic—nematic 313 296-5 16-5 
- Dt eet e teen eeeeeeeneeeee nematic—isotropic 345 321 24 


In the light of the above information alone, it would seem reasonable to expect that 
the fluorene acids would give rise to more stable phases than would the diphenyl acids. 
However, the dimerisation of the acid molecules will mean that their molecular constitution 
is more similar to that of a dianil than to that of the esters and monoanils. Now, the 
behaviour of the 4 : 4’- and 2 : 7-di-(p-n-alkoxybenzylideneamino)-diphenyls and -fluorenes, 
i.e., the dianils derived from benzidine and 2: 7-diaminofluorene, is known,” and the diphenyl] 


5 Tball and Burns, Nature, 1954, 178, 635. 
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derivatives exhibit more stable mesophases than the fluorene analogues. When the 
diphenyl acids were found to show the same effect relative to the fluorene acids, it was not 
therefore surprising to find this inversion of the order of decreasing mesomorphic thermal 
stability established for the esters. The results in Table 5 make clear the relative 
behaviours in the dianils and acids. 

We will first consider the acids and the possible reasons for the greater thermal stability 
of both mesophase types in the diphenyl derivatives. In view of the inversion in the order 
of stabilities for the esters, the intermolecular cohesions must now be greater in the dipheny] 
acids, with the consequent inference that some effect must be counteracting the greater 
polarity and polarisability of the fluorene ring system. This effect may be due to the 
shape of the molecule, for whilst the dimerised diphenyl acids are rod-shaped and linear, 
the fluorene acid dimers, assumed to adopt the érans-configuration (of lowest potential 
energy), will be S-shaped because of the non-linearity of the fluorene ring system. This 
configuration is illustrated. 

At first sight this would appear to have little bearing on the problem, since one would 
expect such molecles to be able to pack just as closely as linear molecules in the smectic 
mesophase. However, further consideration shows that this will be true only when the 
major axes (defined as the line AB) of the S-shaped molecules are at right angles to the 
planes of the smectic layers. If the molecules are at an angle to the layers—this has been 
shown to be the case in several compounds *—the average intermolecular separation of 
the S-shaped molecules will be greater than that for linear molecules, whose intermolecular 
separation is not affected by tilting. These considerations are made clear in the Figure. 








2 
RO~ JOH---0 
NY 
C ic 
0--HO OR 
CH, 
° 3 
! (a) Intermolecular separation of rod-shaped 
molecules unaffected by tilting. (b) Inter- 
|| molecular separation of S-shaped molecules 
| i] considerably increased by tilting at quite 
. a small angle. 
@ 5) . 
() 5 OY 


Thus, if the fluorene acid molecules are tilted to the layers in the smectic mesophase, the 
intermolecular cohesions will be less and the smectic-nematic transition temperatures 
lower than for similarly tilted diphenyl acid molecules. However, unlike linear molecules, 
a greater separation of non-linear molecules may have to be achieved before the molecules 
are free to slide in the direction of their major axes at the smectic-nematic transition 
point. This effect would increase the smectic-nematic transition temperature of the 
fluorene acids. Consequently, the thermal stability of the smectic mesophase will be 
governed by (a) the thermal energy necessary to overcome the lateral intermolecular 
cohesive forces and (b) the thermal energy required to separate the molecules sufficiently 
for sliding to be possible. The two thermal energy requirements will differ for the fluorene 
and diphenyl acids, and it would appear that the sum of (a) and () for diphenyl exceeds 
that for fluorene. Only in these terms can the lower smectic-nematic transition tem- 
peratures of the fluorene acids be discussed. Considering the nematic phases now, the 


®* K. Herrmann, Trans. Faraday Soc., 1933, 29, 972. 
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average intermolecular separation between the S-shaped fluorene acid molecules, in the 
parallel but randomly imbricated orientation of the nematic phase, should be greater than 
that between the linear diphenyl acid molecules.. The residual lateral cohesions for the 
fluorene acids should therefore be smaller than for diphenyl, and if this separation effect 
is sufficient to counteract the higher terminal cohesions for the fluorene acids—because 
of their higher polarisability—then their lower nematic-isotropic transition temperatures 
are explained. 

It appears then that the dimerisation of the acids magnifies the effect of the non- 
linearity of the fluorene ring system, whilst in the monomeric esters, the non-linearity 
cannot exert an effect which is sufficient to counteract the larger polarisation and 
polarisability of the fluorene ring system. Similar arguments have already been applied 
to comparisons of the diphenyl and fluorene mono- and di-anils.* 

The dianils of both the diphenyl and the fluorene series exhibit nematic phases of 
higher average thermal stability than the corresponding acids, and it would seem that this 
stability difference is caused by the relative magnitudes of the intermolecular terminal 
cohesions. These attractive forces will depend on the polarisability along the molecular 
axis, and this should be greatest in the most conjugated molecule. Now the dianils 
should be more conjugated than the acid dimers, where the hydrogen-bonded carboxyl 
groups will not permit electronic shifts between the aromatic ring systems. On this 
basis, the nematic phases of the dianils should be the more thermally stable. In the 
smectic phases, the dipolar anil linkages should strengthen the intermolecular lateral 
cohesions and should lead to greater thermal stabilities for the smectic phases of the 
diphenyl and fluorene dianils compared with the analogous acid. When attempting to com- 
pare the smectic-nematic transition temperatures of different compounds, one must how- 
ever consider the shapes of the molecules in relation to the intermolecular cohesions. In 
the diphenyl derivatives, the dimerised acid molecules are linear, whilst the dianils deviate 
from linearity. As discussed in general terms earlier in this paper, when comparing the 
diphenyl acids with the fluorene acids, the non-linear diphenyl dianils will not be packed as 
closely as the diphenyl acids if the molecular axes are inclined to the layers in the smectic 
phase, and this should lead to lower thermal stability of the phase. On the other hand a 
greater molecular separation may be required to allow the dianil molecules to slide into the 
imbricated nematic orientation, an effect which would give rise to a greater smectic thermal 
stability. These two opposing effects, together with the different intermolecular forces 
between the molecules of the diphenyl acids and dianils, must be the factors which 
determine the average smectic thermal stability increase of 58° on passing from the acids 
to the dianils of diphenyl. In the fluorene series, both the acids and the dianils are non- 
linear, but if equally close packing is assumed in each case, molecular models make it 
clear that the fluorene dianils must be separated much more than the acids before sliding 
of the molecules can occur. The greater thermal energy required because of this effect, to- 
gether with the polarisation of the anil linkages should combine to separate the relative 
thermal stabilities of the smectic phases of the fluorene dianils and acids to an even greater 
extent than in diphenyl. The difference is now 71-5°. 

It is noticeable from Table 5 that the fall in smectic thermal stability from the diphenyl 
to the fluorene compounds is, in the acids, almost double that in the dianils whilst in the 
case of the nematic thermal stability the larger decrease occurs between the dianils. It 
appears that it would be necessary to have much more exact information than an inspection 
of molecular models can give about the relative molecular separations occurring at the 
various smectic transitions before one could even attempt to assess these differences, and 
to try to do so in the absence of such data would be conjectural. 

However, the above results on the acids and dianils, esters, and monoanils of diphenyl 
and fluorene are sufficiently comparable to enable one to predict the probable mesomorphic 
thermal stabilities for the fluorenone esters and acids. Considering the average smectic- 
nematic transition temperatures for the monoanils of diphenyl, fluorene, and fluorenone, 
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and the average smectic—isotropic transition temperatures for the esters of diphenyl and 
fluorene, gives the following figures : 


Monoanils Fluorene Diphenyl Fluorenone 
Smectic—nematic (C;—Cyj9) .....0++. 166° te 155-5° 82-1° 73-4° 

Esters Fluorene Diphenyl Fluorenone 
Smectic-isotropic (C;—Cy9)_...... lll 9 102 —(72) _ (30) 





(The figures in parentheses are not experimentally determined points.) 


If the esters follow the same trend as the monoanils, the average smectic-isotropic transi- 
tion temperature for the fluorenone esters should be about 30°. 
Analogous results for the nematic-isotropic transitions of the dianils and acids are : 


Dianils Diphenyl Fluorene Fluorenone 
Nematic-isotropic (C;—Cy9) ...... 345° = 321° = 297° 

Acids Diphenyl Fluorene Fluorenone 
Nematic-isotropic (C;—Cj9) ...... 261-5 17 244-5 7) (227-5) 


The same decrease in nematic thermal stability being assumed from fluorene to fluorenone 
acid as is found between the analogous dianils, a nematic-isotropic transition temperature 
of 227-5° is to be expected for the fluorenone acids. However, the average m. p.s for these 
fluorenone esters and acids are 94° and 271-1° respectively, so that, if these compounds 
were to exhibit mesophases, the melts of the esters would require to supercool by an 
average of 64°, and the melts of the acids by 43-6°. If the smectic-nematic transition 
temperatures for the dianils and acids are considered, similar results are obviously obtained. 
The fluorenone esters and acids are therefore prevented from showing mesophases because 
of the high m. p.s of the solids. The reasons for these high m. p.s are obscure, but, since 
the m. p.s depend on the arrangement of the molecules in the crystal lattice, any attempt 
to explain them without the relevant physical data would be meaningless. 

In previous Parts of this series,:? where analogous mesomorphic benzene and diphenyl 
derivatives have been compared, it was evident that the planarity of the diphenyl ring 
system in the mesophases had been assumed. An interplanar angle as high as 45° has been 
reported ? for gaseous diphenyl, whilst crystalline diphenyl would appear to be planar.® 
An intermediate condition for the molecule would be expected in solution, and the 
unpublished calculations by Coulson and Longuet-Higgins quoted by Braude ® indicate 
that free rotation about the 1-l’-bond in diphenyl is possible through an angle of 
up to or about 20°. The smectic and nematic mesomorphic states are however more 
closely allied to the solid state than to the solution or the gas phase, and so the assumption 
of diphenyl’s planarity in the mesophases does not seem unreasonable. This appears to be 
supported by the relative mesomorphic behaviours of analogous diphenyl and fluorene 
derivatives, when it is borne in mind that the molecule of fluorene is planar in the solid, 
gaseous, and dissolved states as shown by X-ray,’ electron-diffraction, and ultra- 
violet absorption spectra ® respectively. Now the smectic phases of the fluorene mono- 
anils and esters are more thermally stable than those of the analogous diphenyl monoanils 
and esters by 10:5° and 9° respectively. This difference is not large, but it could be 
contended that the diphenyl compounds yield the less stable mesophases because there is 
a molecular twist about the 1-1’-bond in the diphenyl nucleus. This would increase the 
thickness of the molecule and decrease the intermolecular cohesions by preventing the 

7 Bastiansen, Acta Chem. Scand., 1949, 3, 408. 

8 Dhar, Indian J. Phys., 1932, 7, 43; Proc. Nat. Inst. Sci. India, 1949, 15, 11. 

* Braude and Forbes, J., 1955, 3777. 

10 Burns and Iball, Nature, 1954, 178, 635; Proc. Roy. Soc., 1954—1955, A, 227, 220. 


11 Bortner and Brown, Acta Cryst., 1954, 7, 139. 
12 Brockway and Karle, J. Amer. Chem. Soc., 1944, 66, 1974. 
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closest packing of the molecules. However, the greater polarisation and polarisability 
of the fluorene derivatives would be expected to give rise to the greater intermolecular 
cohesions, and so the lower smectic thermal stability of the diphenyl compounds can be 
understood without proposing twisting in the diphenyl ring ststem. Further, in the 
dianils and acids this order of thermal stability is reversed, and the mesophases of the 
diphenyl compounds are the more thermally stable. The relative behaviours have already 
been discussed, but it is difficult to conceive that if the diphenyl ring system were not 
planar this order of stability would arise. In order to verify this statement, the exact 
effect of molecular twist on the mesomorphic behaviour of a diphenyl compound would 
have to be known. Work is now in progress which makes it clear that if the diphenyl ring 
system is forced out of the coplanar configuration, the mesomorphic thermal stability is 
greatly diminished. On this basis, the diphenyl ring system must be planar or have at 
the most a very small interplanar angle in the mesomorphic states of its derivatives. 


EXPERIMENTAL 
M. p.s are corrected for exposed stem. 


Determination of Transition Temperatures—The mesomorphic transition temperatures 
recorded in Tables 1—3 are without exception enantiotropic, and were determined in the 
usual way by using an electrically heated microscope block }* in conjunction with a projection 
system.44 The smectic phases of the esters showed fairly well-defined focal-conic groups, 
whereas in the acids these phases appeared as fine mosaics of very small focal-conic groups. 
The nematic phases of the acids were readily distinguished by their typical, threaded, homo- 
geneous plane structures. 

Preparation of Materials.—2-Hydroxyfluorene * was acetylated as described by MacGregor, 
Neblett, and Cook ¢ and the crude 2-acetoxyfluorene (90%) crystallised from glacial acetic acid. 
The m. p. of 130° agreed with the recorded value. 

2-A cetoxy-7-acetylfiluorene.—The procedure used in the Friedel-Crafts reaction on 2-acetoxy- 
fluorene was that described by MacGregor ef al.4 Although every care was taken, our yields 
in a number of preparations were very consistent and averaged 58% (m. p. 124—125°) after 
crystallisation from 75% acetic acid, compared with the 85% yield claimed by the above 
authors. The ketone is not easy to crystallise, but the crude 2-acetoxy-7-acetylfluorene, m. p. 
115°, was suitable for hydrolysis in the next stage. MacGregor et al. report a lower m. p. of 
104—106° for the crude product and the above m. p. of 124—125° for the crystallised material. 

2-Acetyl-7-hydroxyfiuorene.—Crude 2-acetoxy-7-acetylfluorene (5 g.) was refluxed for 3 hr. 
with potassium hydroxide (20 g.) in ethanol (75 ml.) and water (25 ml.), whereafter the reaction 
mixture was cooled and rendered acid with hydrochloric acid. The precipitated hydroxy- 
ketone was separated and crystallised twice from acetic acid to give colourless plates of 2-acetyl- 
7-hydroxyfluorene, m. p. 209° (Found: C, 80-4; H, 5:3. Calc. for C,,;H,,0O,: C, 80-35; 
H, 5-35%). The average overall yield of pure 2-acetyl-7-hydroxyfluorene from 2-acetoxy- 
fluorene was 35%. MacGregor et al.‘ effected this hydrolysis in unspecified yield with alcoholic 
hydrochloric acid and record the product’s m. p. as 202°. Repetition of their hydrolysis gave 
a lower yield of less pure material (m. p. 202—209°) than is obtained by alkaline hydrolysis. 

2-A cetyl-7-alkoxyfluorenes.—2-Acetyl-7-hydroxyfluorene (0-9 g.) was dissolved with stirring 
in a mixture of ethyl methyl ketone (20 ml.) and a 10% molar excess of the appropriate alkyl 
halide. A thin slurry of anhydrous potassium carbonate (2-4 g.) in ethyl methyl ketone (30 ml.) 
was added to the solution and the whole refluxed, with stirring, for 12 hr. with alkyl iodides and 
20 hr. with alkyl bromides. During the reaction, the colour of the suspension changed gradually 
from yellow to light grey. The mixture was then cooled, the potassium salts were removed, 
and the filtrate was evaporated to crystallisation. The ethers were filtered off and crystallised 
three times from ethanol, straw-coloured crystals, whose m. p.s are recorded in Table 1, being 
obtained in yields averaging 66%. The analyses are summarised on p. 3235. 


13 Gray, Nature, 1953, 172, 1137. 
14 Gray and Ibbotson, Nature, 1955, 176, 1160. 
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2-Acetyl-7-alkoxyfluorenes. 


Found (%) Required (%) Found (%) Required (%) 
Alkyl Cc H Formula Cc H Alkyl Cc H Formula Cc H 
Methyl* 80-5 5-8 (C,,.H,,0, 80-7 5-9 Octyl ... 8233 85 C,;H,,0, 82:2 8-3 
Propyl ... 81-4 69 C,,H,,O, 81-2 6-8 Nonyl ... 8255 86 C,,H;,0, 82:3 8-6 
Pentyl ... 81°55 7:3 Cy 9H,,0, 81-6 7-5 Decyl ... 8233 90 C,,H,,0O, 82-4 8-8 
Heptyl ... 82-1 82 C,,H,,O, 820 81 
* Not new.? 


7-Alkoxyfluorene-2-carboxylic Acids.—The 2-acetyl-7-alkoxyfluorenes (0-0036 mole) were 
dissolve in dioxan (20 ml.) with stirring at 40°, then cooled rapidly to 0° to give a fine 
suspension. A solution of sodium hypobromite, prepared by adding bromine (0-8 ml.) to an 
ice-cold solution of sodium hydroxide (2-25 g.) in water (11 ml.), was added to the suspension 
and the temperature raised gradually to 40°. When the solid had dissolved, the temperature 
was maintained at 40° for 15 min., before cooling again to 0°. Dilute aqueous sodium dithionite 
was added to remove excess of hypobromite, followed by concentrated hydrochloric acid 
to liberate the acids in almost quantitative yields. Three crystallisations from n-propyl 
alcohol were carried out to ensure accurate mesomorphic transition temperatures (Table 2), 
and these reduced the yields to about 55%. 


7-Alkoxyfluorene-2-carboxylic acids. 


Found (% Required (%)- Found (%) Required (%) 

Alkyl Cc I Formula Cc H Alkyl Cc I Formula Cc H 

Methyl* 75-1 49 C,;H,.O; 75:0 5-0 Octyl ... 78:0 79 C,,H,,O, 781 7:7 

Propyl ... 763 62 C,,H,,O,; 76:1 6-0 Nonyl 786 82 C,,H,,0, 784 7-95 

Pentyl ... 77:0 6-7 wle903; 77:0 6°75  Decyl ... 787 82 C,H;,0,; 78:7 8-2 
Heptyl ... 77°7 7-4 C,,H,,0,; 77:8 17-4 


* Not new. 
7-Alkoxyfluorenone-2-carboxylic Acids——The 7-alkoxyfluorene-2-carboxylic acids (0-1 g.) 
were refluxed for 1-5 hr. with sodium dichromate (0-5 g.) in acetic acid (25 ml.). The orange 
crystals of the fluorenone acids obtained on cooling were collected and crystallised from acetic 
acid (twice) and xylene (twice). The yields after purification ranged from 25 to 50%. The 
m. p.s are recorded in Table 3. 


7-Alkoxyfluorenone-2-carboxylic acids. 


Found (%) Required (%) Found (%) Required (%) 
Alkyl Cc H Formula Cc H Alkyl Cc H Formula Cc H 
Heptyl ... 74:6 63 C,,H..O, 7455 6-5 Nonyl ... 75°6 7-2 C,3H,,O, 75-4 71 
Octyl...... 749 66 C,,H,O, 750 68 Decyl...... 758 74 CyH,,0, 758 7-4 


Propyl 7-Alkoxy-fluorene- and -fluorenone-2-carboxylates.—The esters were prepared and 
purified as described for the alkyl 4’-alkoxydiphenyl-4-carboxylates.1_ The physical constants 
are contained in Tables 2 and 3. 


Fluorene esters. Fluorenone esters. 
Found (%) Required (%) Found (%) Required (%) 
Alkyl Cc H Formula Cc H Cc H Formula Cc 
Heptyl ...... 78-6 8-0 Cy4H 5,03 78-7 8-2 76-0 7-5 C.4H,,0, 75°8 7-4 
i! ers 79-2 8-4 C,;H,,0, 78-9 8-4 76-0 7-8 Cy5H 390, 76-1 7-6 
NOMYl ....... 79-2 8-6 C,.H;,0, 79-2 8-6 76-4 7-8 C..H 32.0, 76-5 7-8 
WOME | isisicses 79-6 8-8 C,,H;,0; 79-4 8-8 76-5 8-0 ~37H yO, 76-8 8-1 


Grants to the Department from the Distillers Company Limited and from Imperial Chemical 
Industries Limited are gratefully acknowledged. 
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632. uinoxalines and Related Compounds. Part III.* Some 
2-Substituted Quinoxalines. 


By G. W. H. CHEESEMAN. 


Various replacement reactions with 2-substituted quinoxalines have been 
investigated and quinoxaline derivatives prepared. 


In the present work certain replacement reactions with 2-chloro-, 2-methylthio-, and 
2-methylsulphonyl-quinoxaline were studied and various methyl! derivatives of 2-amino-, 
2-hydroxy-, and 2-mercapto-quinoxaline prepared. These compounds were required for 
spectroscopic examination. 

The common starting material was 2-hydroxyquinoxaline which was conveniently 
prepared from o-phenylenediamine and n-butyl glyoxylate in aqueous solution. 2- 
Hydroxyquinoxaline was converted into 2-chloroquinoxaline by the method of Gowenlock, 
Newbold, and Spring. These authors had prepared 2-aminoquinoxaline from 2-chloro- 
quinoxaline by heating the chloro-compound with dry ethanolic ammonia at 150° for 7 
hours.! Similar reactions give 2-methylamino-, 2-dimethylamino-, 2-benzylamino-, and 
2-morpholino-quinoxaline. 2-Benzylaminoquinoxaline had been obtained previously, 
but less conveniently, by condensing 2-aminoquinoxaline and benzyl chloride in the 
presence of sodium hydride.? 

2-Mercaptoquinoxaline was prepared from 2-chloroquinoxaline by the method of 
Wolfe, Wilson, and Tishler.2 With methyl iodide in alkali it gave 2-methylthioquinoxaline 
in good yield, with a small amount of an unidentified product. This methylation procedure 
was apparently superior to that used recently for the preparation of several methylthio- 
quinoxalines.* Preliminary attempts to cause 2-methylthioquinoxaline to react with 
ethanolic methylamine and dimethylamine indicated that the 2-methylthio- was less 
readily replaceable than a 2-chloro-substituent. Oxidation of 2-methylthioquinoxaline with 
chlorine water * ® gave chlorine-containing products, but treatment with hydrogen peroxide 
in glacial acetic acid at room temperature furnished mainly 2-methylsulphonylquinoxaline, 
together with 2-methylsulphonylquinoxaline 4-oxide and 2: 3-dihydroxyquinoxaline. 
These were the only products isolated on oxidation of 2-methylthioquinoxaline or 2-methyl- 
sulphonylquinoxaline with hydrogen peroxide in glacial acetic acid at 55°. Landquist ™ 
had previously observed several examples of concurrent formation of quinoxaline N-oxide 
and 2 : 3-dihydroxyquinoxaline, and Wolfe, Wilson, and Tishler * obtained sulphones on 
oxidation of three quinoxinalinyl sulphides with hydrogen peroxide. The methylsulphonyl 
substituent of 2-methylsulphonylquinoxaline and its 4-oxide was readily replaced by 
hydroxyl on treatment with aqueous alkali. The formation of the known 2-hydroxy- 
quinoxaline 4-oxide ® from 2-methylsulphonylquinoxaline 4-oxide confirmed the identity 
of this compound. 

2-Chloroquinoxaline was converted in high yield into 2-methoxyquinoxaline, and the 
N-methyl derivative of 2-hydroxyquinoxaline, 1 : 2-dihydro-l-methyl-2-oxoquinoxaline, 
prepared also in 30% yield by interaction of N-methyl-o-phenylenediamine and n-butyl 
glyoxylate in dilute acetic acid. It is of interest that Usherwood and Whiteley ® isolated 
only 1-methylbenziminazole-2-carboxylic acid from the parallel reaction between the 
N-methyldiamine and glyoxylic acid. The most convenient method for the preparation 


* Part II, J., 1955, 3308. 


1 Gowenlock, Newbold, and Spring, J., 1945, 622. 

? Gardner and Stevens, ]. Amer. Chem. Soc., 1949, 71, 1868. 

* Wolf, Wilson, and Tishler, J. Amer. Chem. Soc., 1954, 76, 2266. 
* Morrison and Furst, J. Org. Chem., 1956, 21, 470. 

5 Sprague and Johnson, J. Amer. Chem. Soc., 1935, 57, 2252. 

* Andrews, Anand, Todd, and Topham, J., 1949, 2490. 

7 Landquist, J., 1953, (a) 2816, (6) 2830. 

® Usherwood and Whiteley, J., 1923, 1069. 
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of 1 : 2-dihydro-1-methyl-2-oxoquinoxaline was by methylation of 2-hydroxyquinoxaline 
with methyl sulphate and alkali.** (We regret incorrect citation from the literature in an 
earlier paper ** with respect to another synthesis of this compound.?®) 


EXPERIMENTAL 


2-Hydroxyquinoxaline.—o-Phenylenediamine (86 g., 0-8 mole) in hot water (400 c.c.) was 
added to a solution of m-butyl glyoxylate, prepared ™ from #-butyl tartrate (105 g., 0-4 mole), 
sodium metaperiodate (85 g., 0-4 mole), and water (1-21.). The mixture was stirred overnight 
at room temperature, and the product then filtered off, washed with water, and heated under 
reflux with 96% ethanol (1 1.). After cooling, 2-hydroxyquinoxaline (100 g., 86%), m. p. 
(mainly) 267—269°, was collected. Atkinson et al. give m. p. 268—270°. 

2-Chloroquinoxaline—A mixture of 2-hydroxyquinoxaline (101 g.) and freshly distilled 
phosphoryl] chloride (500 c.c.) was heated under reflux for 1 hr. The product was isolated in 
the usual manner and 2-chloroquinoxaline (110 g., 95%; m. p. 48—49°) obtained. Distillation 
gave needles, m. p. 49—49-5°, b. p. 100°/1-4 mm. (Found: C, 58-4; H, 3-2; N, 16-9. Calc. 
for C,H;N,Cl: C, 58-4; H, 3-1; N, 17-0%). Gowenlock e¢ al. give b. p. 80°/0-5 mm., m. p. 
46—47°. 

2-Methylaminoquinoxaline.—2-Chloroquinoxaline (16-5 g., 0-1 mole) was heated with 
ethanolic methylamine (33% w/w; 60g.) at 150° for 7 hr. Solvent and excess of methylamine 
were then removed in a vacuum. The residue was ground with water and the insoluble 
2-methylaminoquinoxaline (15-1 g., 95%) filtered off. Crystallisation from benzene (5 parts) 
(charcoal) gave a product, m. p. 129—131° (Found: C, 68-05; H, 5-85; N, 26-6. C,H,N,; 
requires C, 67-9; H, 5-7; N, 26-4%). 

2-Dimethylaminoquinoxaline.—Dimethylamine (27 g.) was added to an ice-cooled solution of 
2-chloroquinoxaline (16-5 g., 0-1 mole) in ethanol (20 c.c.). The mixture was heated at 150° 
for 7 hr., and 2-dimethylaminoquinoxaline (17-2 g., 99%) isolated as above. The m. p. was 
94—95° after crystallisation from light petroleum (b. p. 60—80°; 15 parts) (charcoal) (Found : 
C, 69-2; H, 6-5; N, 24-8. C,)H,,N; requires C, 69-4; H, 6-4; N, 24-3%). 

2-Benzylaminoquinoxaline.—A mixture of 2-chloroquinoxaline (3-3 g., 0-02 mole) and 
benzylamine (10 c.c.) was heated at 150° for 7 hr. After cooling, benzene and water were added, 
and the benzene layer separated, washed with water, and evaporated ina vacuum. Distillation 
of the residue gave 2-benzylaminoquinoxaline (3-3 g., 70%), b. p. (mainly) 228°/1 mm., m. p. 
70—72°. The m. p. was raised to 73—75° by crystallisation from light petroleum (b. p. 60— 
80°; 25 parts) (Found: C, 76-8; H, 5-7; N, 18-0. C,;H,,N, requires C, 76-6; H, 5-6; 
N, 17-85%). Gardner and Stevens? give m. p. 62—64° byt.no analytical data. 

2-Morpholinoquinoxaline.—A mixture of 2-chloroquinoxaline (3-3 g., 0-02 mole) and mor- 
pholine (6 c.c.) was heated until reaction occurred, and then kept at 100° for 30 min. Water 
was added. The precipitate of 2-morpholinoquinoxaline (4-3 g., 100%), crystallised from light 
petroleum (b. p. 60—80°; 15 parts) (charcoal), had m. p. 87—-89° (Found: C, 67-3; H, 6-3; 
N, 20-0. C,,H,,ON, requires C, 67-0; H, 6-0; N, 19-6%). 

2-Piperidinoquinoxaline, similarly prepared in 100% yield and crystallised from light 
petroleum (b. p. 40—60°; 4 parts) (charcoal), had m. p. 62—63° (Found: C, 73-3; H, 7-2; 
N, 19-9. Calc. for C,,H,,N,;: C, 73-2; H, 7-1; N, 19-7%). Wear and Hamilton ™ give 
m. p. 59—60-5°. 

2-Methylthioquinoxaline.—2-Mercaptoquinoxaline was prepared from 2-chloroquinoxaline 
(91 g.) by the method of Wolf, Wilson, and Tishler * but without isolation of the intermediate 
thiuronium salt. The crude product was extracted with n-sodium hydroxide (700 c.c.), insoluble 
matter removed, and the filtrate shaken with methyl iodide (90 g.) for 14 hr. The product 
was isolated in ether and benzene, and the solvents were removed in a vacuum. Distillation of 
the residue gave 2-methylthioquinoxaline (73 g., 75%), b. p. 134°/1 mm. The m. p. was 46—47° 
after crystallisation from light petroleum (b. p. 40—60°) (Found: C, 61-3; H, 4-7; S, 18-1. 
C,H,N,S requires C, 61-35; H, 4-6; S, 18-2%). The picrate, prepared in ethanol, had m. p. 

® Cheeseman, J., 1955, (a) 1804, (6) 3308. 

10 Kiihling and Kaselitz, Ber., 1906, 39, 1314; King and Clark-Lewis, /., 1951, 3379. 

11 Atkinson, Brown, and Simpson, /., 1956, 26. 

12 Wear and Hamilton, J. Amer. Chem. Soc., 1950, 72, 2893. 
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127—128° (Found: C, 44:3; H, 2-9; S, 7-7. C,s;H,,O,N,S requires C, 44-45; H, 2-7; 5S, 
7-9%). Benzene (25 c.c.) was added to the residue from the distillation; the precipitate 
(4-2 g.) crystallised from benzene (10 parts) as brownish-yellow needles, m. p. 176—178° (Found : 
C, 67-1; H, 4-1; N, 17-6; S, 10-3%). 

Oxidation of 2-Methylthioquinoxaline.—(a) Hydrogen peroxide (30% w/v; 25 c.c.) was added 
to a water-cooled solution of 2-methylmercaptoquinoxaline (8-8 g., 0-05 mole) in acetic acid 
(50 c.c.). The mixture was set aside at room temperature for 2 days, then poured into water 
(500 c.c.). After cooling, the crystalline product was filtered off, washed with water, dried, 
and then heated under reflux with benzene (100 c.c.). The benzene-insoluble material (1-8 g.) 
had m. p. above 300°, and on crystallisation from acetic acid gave 2 : 3-dihydroxyquinoxaline 
(Found: C, 58-9; H, 3-7; N, 17-6. Calc. for CsH,O,N,: C, 59-3; H, 3-7; N, 17-3%). This 
was further identified by conversion into 1: 2:3: 4-tetrahydro-1 : 4-dimethyl-2 : 3-dioxo- 
quinoxaline, m. p. and mixed m. p. 252—253°,® and 2 : 3-dichloroquinoxaline, m. p. and mixed 
m. p. 151—153°.%* The benzene extract was evaporated in a vacuum and the crystalline 
residue (m. p. ca. 134—145°) heated under reflux with cyclohexane (1 1.). On cooling, the 
extract deposited crystals of 2-methylsulphonylquinoxaline (3-4 g., m. p. 124—-126°); these were 
filtered off, and the filtrate used to re-extract the cyclohexane-insoluble material. This extract 
after concentration to ca. 200 c.c. yielded a further 2-15 g., m. p. (mainly) 124—126°, of the 
methylsulphonyl derivative (total yield, 53%). The m. p. was raised to 126—127° by crystal- 
lisation from cyclohexane (150 parts) (Found: C, 52-2; H, 4-0; N, 14-0; S, 15-7. C,H,O,N,S 
requires C, 51:9; H, 3-9; N, 13-5; S, 15-4%). The residue (1 g.), m. p. (mainly) 173—183°, 
from the cyclohexane extractions, on crystallisation from benzene (50 c.c.), gave crystals (0-65 g.), 
m. p. 191—194°, not depressed on admixture with 2-methylsulphonylquinoxaline 4-oxide, 
prepared as described below. 

(6) A mixture of 2-methylthioquinoxaline (8-8 g., 0-05 mole), acetic acid (100 c.c.), and 
hydrogen peroxide (30% w/v; 50 c.c.) was heated at 55° for 25 hr. then cooled and poured into 
water (11.). After cooling, the crystalline product was filtered off, washed with water, dried, 
and heated under reflux with benzene (300 c.c.). The benzene-insoluble material (2-0 g.) had 
m. p. above 300°; the benzene extract on concentration to ca. 100 c.c. yielded 2-methyl- 
sulphonylquinoxaline 4-oxide (4-0 g., 36%), m. p. 197—-199° after successive crystallisations 
from benzene (75 parts) and ethanol (130 parts) (charcoal) (Found: C, 48-5; H, 3-7; N, 12-7; 
S, 14-0. C,H,O,N,S requires C, 48-2; H, 3-6; N, 12-5; S, 14-3%). 

Oxidation of 2-Methylsulphonylquinoxaline.—2-Methylsulphonylquinoxaline (16-6 g., 0-08 
mole), acetic acid (160 c.c.), and hydrogen peroxide (30% w/v; 80 c.c.) were heated at 55° for 
19 hr., then cooled, and poured into water (1-6 1.). After cooling, the crystalline product was 
filtered off, washed with water, dried, and heated under reflux with benzene (500 c.c.). The 
benzene-insoluble material (0-85 g.) had m. p. above 300°; the benzene extract yielded 2-methyl- 
sulphonylquinoxaline 4-oxide (8-7 g., 49%), m. p. (mainly) 196—198°, after concentration to 
ca. 100 c.c. 

Reaction of 2-Methylsulphonylquinoxaline with Alkali—The methylsulphonyl derivative 
(0-65 g.) was heated with 2n-sodium hydroxide (10 c.c.) at 95° for 15 min. The resulting 
solution was cooled and brought to pH 4 with acetic acid, 2-hydroxyquinoxaline (0-44 g., 97%), 
m. p. 261—264°, being precipitated. This was identified by mixed m. p. and conversion into 
1 : 2-dihydro-1-methyl-2-oxoquinoxaline, m. p. and mixed m. p. 120—121°.% 

Reaction of 2-Methylsulphonylquinoxaline 4-Oxide with Alkali—A mixture of the N-oxide 
(6-7 g., 0-03 mole) and 2N-sodium hydroxide (60 c.c.) was kept at 95° for 15 min., then cooled 
and brought to pH 4 with acetic acid; 2-hydroxyquinoxaline 4-oxide (4:7 g., 97%), m. p. 
273—274° (decomp.), was precipitated. Sublimation at 210°/0-5 mm. and crystallisation from 
ethanol gave pale yellow crystals, m. p. 274—275° (decomp.) (Found: C, 59-7; H, 3-8; N, 17-1. 
Calc. for C,H,O,N,: C, 59-3; H, 3-7; N, 173%). Landquist ” gives m. p. 274—275°. The 
hydroxy-compound was treated with methyl iodide and alkali as described by Landquist.”® 
Pale yellow needles of 1 : 2-dihydro-1-methyl-2-oxoquinoxaline 4-oxide were obtained, having 
m. p. 210—211° after sublimation at 200°/0-5 mm. and crystallisation from methanol (75 parts) 
(Found: C, 61-4; H, 4-4; N, 15-7. Calc. for C,H,O,N,: C, 61-35; H, 4-6; N, 15-9%). 
Landquist gives m. p. 208—209°. 

2-Methoxyquinoxaline.—2-Chloroquinoxaline (9-9 g., 0-06 mole) was caused to react with a 
slight excess of methanolic sodium methoxide as described previously. Distillation of the 
crude product gave colourless needles of 2-methoxyquinoxaline (8-65 g., 90%), b. p. 101—102°/1-5 
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mm., m. p. 26—27°. The m. p. was raised to 31-5—33° by two crystallisations from light 
petroleum (b. p. 40—60°; 1 part) (Found: C, 67-3; H, 5-1; N, 17-5. C,H,ON, requires 
C, 67-5; H, 5-0; N, 17-5%). 

Reaction of N-Methyl-o-phenylenediamine with n-Butyl Glyoxylate——Some heat was evolved 
when n-butyl glyoxylate (2-6 g., 0-02 mole) was added to a solution of the diamine ® (2-44 g., 
0-02 mole) in 3N-acetic acid (10 c.c.). The mixture was set aside at room temperature, over- 
night, then heated at 95° for l hr. After cooling, 2N-sodium hydroxide was added and the pH 
brought to4. The product (3-3 g.) was isolated in chloroform; it was partly soluble in benzene 
(20 c.c.). The benzene solution was filtered through a column of alumina (100 g.; Spence, 
type H; mesh 100—200). Elution with benzene (100 c.c.) gave an unidentified yellow com- 
pound (0-07 g.; m. p. 234—236°); further elution with benzene (1 1.) and benzene-ether 
(1:1; 300 c.c.) yielded 1 : 2-dihydro-1-methyl-2-oxoquinoxaline (0-95 g., 30%), m. p. (mainly) 
122—123°, not depressed on admixture with an authentic specimen. 


This research was carried out during the tenure of an Imperial Chemical Industries Fellow- 
ship awarded by the University of London. Analyses were carried out in the Organic Micro- 
analytical Laboratory of Imperial College. 


QUEEN ELIZABETH COLLEGE, 
CAMPDEN Hitt Roap, Lonpon, W.8. [Received, March 28th, 1957.) 





633. Complexes involving Tervalent Iron and Orthophosphoric Acid. 
Part V.* Magnetic Susceptibility Measurements on Iron(m1) Solu- 
tions containing Orthophosphate. 


By A. Hotroyp, R. F. Jameson, A. L. ODELL, and J. E. SALmon. 


The results of magnetic susceptibility measurements on iron(r111) solutions 
containing phosphoric acid have shown that the lowering of magnetic 
moment observed by previous workers is dependent on the mole ratio of 
PO,: Fe in the solution. The moment is lowest for solutions in which the 
PO, : Fe mole ratio is 1 : 2 and the low values are attributed to the formation 
of polynuclear ions, evidence for the formation of which has been provided 
by ion-exchange experiments (Part IV *). From the present results it is 
evident that appreciable concentrations of such complexes may be formed 
under optimum conditions. 


THE magnetic moments of iron(II) in perchlorate solutions with and without addition of 
phosphate were measured by Werbel, Dibeler, and Vosbourgh ! who observed a decrease 
in moment in the presence of phosphate. This observation was of interest in connection 
with present work on ferric phosphate complexes and a more extensive study has been 
made of the magnetic properties of solutions containing iron(II) and orthophosphate. 

Magnetic measurements have now been made on solutions of ferric phosphate in 
phosphoric acid, with and without addition of perchloric and hydrochloric acids, and on 
solutions of ferric perchlorate, chloride, and sulphate, in each case with and without 
addition of phosphoric acid. As a result the conditions under which a decrease in moment 
occurs have been established and an explanation of the phenomenon is offered. 


EXPERIMENTAL and RESULTS 


Magnetic susceptibilities were determined at room temperature by use of a Gouy-type 
magnetic susceptibility balance. Calibration was effected as previously described * and was 
checked by measurements on solutions of chrome alum, cobalt sulphate, etc. Diamagnetic 
corrections were derived from measurements on solutions containing calcium or potassium ions 


* Part IV, J., 1957, 959. 


1 Werbel, Dibeler, and Vosbourgh, J. Amer. Chem. Soc., 1943, 65, 2329. 
2 Clark, Curtiss, and Odell, J., 1954, 63. 





3240 Holroyd, Jameson, Odell, and Salmon: Complexes involving 


in place of iron(111) ions (at the same molar concentration) but otherwise identical with the test 
solutions. 
Ferric phosphate was prepared* from analytical-grade reagents. Solutions of ferric 


TABLE 1. Magnetic susceptibilities for solutions of ferric phosphates in phosphoric acid, 
in presence and in absence of other acids. 


Mole ratios in solution 


Fe: PO,: X Temp., ° k 105 yFe(un) Heft. 
(a) No other acid present, 0-267 mole of Fe/kg. 
1: 7-:19:— 292 1498 5-92 
1: 978:— 292 1492 5-91 
1 : 12-42 : — 293 1486 5-91 
1: 14-91 :— 293 1492 5-92 
(b) X = ClO,, 0-265 mole of Fe/kg. 
1 : 7-43 : 1-02 293 1485 5-90 
1 : 7-43 : 3-42 293 1484 5-90 
1 : 7-43 : 4-52 293 1493 5-92 
1 : 7-43 : 6-80 293 1485 5-90 
(c) X = Cl, 0-274 mole of Fe/kg. 
1: 7-43 : 1-04 291-5 1493 5-90 
1: 7-19: 2-08 291-5 1497 5-91 
1: 7-19: 4-07 291-5 1499 5-92 
1: 7-19: 6-29 291-5 1514 5-94 


TABLE 2. Magnetic susceptibilities for solutions of ferric salts with and without added 
phosphoric acid. 
(a) X = ClO,, 0-267 g. atom of Fe/kg. 


Fe ... 1 1 1 1 1 l 1 1 1 
Mole ratio { xX .. 319 3-19 3-19 3:19 3-19 3-19 3-19 319 3-39 
Puss. © 0-39 0-74 1-12 1-48 2-20 2-94 3-68 0 
BEE ccovennndnccsnscrenss 0-85 _- 0-05 — — — _ —_ -_— 
Bee,  R, , . caseecess 288 290 288 290 288 288 288 288 290 
LOS ypeum «vee eon 1482 1253 1268 1361 1420 1464 1452 1447 =~ 1487 
(6) X = Cl, 0-270 g. atom of Fe/kg. 
Fe ... 1 1 1 1 l l 
Mole ratio< X ... 3:10 3-10 3-10 3-10 3-10 3-10 
| PO,... 90 0-38 0-74 1-11 1-47 2-17 
DEL ..ccccccccccccescsces 148 0-61 0-47 0-40 8035 860-31 
Se, H..  ccccccees 294 294 294 294 294 294 
Deine | excsasese 1503 1261 1278 1336 1366 1405 
(c) X = Cl, 0-256 g. atom of Fe/kg. 
DR... ane l l l l 1 1 
Mole mati | xX ... 396 396 396 3-96 3-96 3-96 
PO,... 90 1-06 2-26 3-54 5-51 7-74 
TRH, © Bs. . ccorseees 291-5 291-5 292 292 292 292 
Bs esteesses 1500 1500 1500 1498 1504 1493 
(d) X = SO,, 0-270 g. atom of Fe/kg. 
Pe ... l 1 1 l l l 1 1 1 1 
Mole ratio { = «- 8S 1-92 1-92 1-92 1-92 1-92 1-92 1-92 2-27 2-46 
1 PO,... 0 0-37 0-73 1-11 1-45 2-20 2-91 3-64 st) 0 
een nne erent tren 0-90 _- 0-52 “= 0-42 0-36 0-30 0-26 — -- 
Bg "TEs excesses 288 291 288 291 288 288 288 288 291 291 
iting éck esses 1421 1277 1334 1377 1420 1433 1464 1468 1432 1437 


perchlorate were obtained by the sorption of iron from ferric chloride solution on cation- 
exchange resin Zeo-Karb 225, followed (after the column had been thoroughly washed) by 
elution with perchloric acid solutions. The iron-rich fraction of the effluent was recycled 
through the column after this had been reloaded with iron and washed again. For this purpose, 


* Salmon, J., 1952, 2316. 
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as in the preparation of all other solutions, analytical grade reagents were used. We were 
unable to obtain solutions of ferric perchlorate free from chloride impurity by the method used 
by Werbel, Dibeler, and Vosbourgh._ pH was measured as before. 

The iron content (2% w/w approx.) of the stock solutions, from which the solutions for 
magnetic measurements were prepared, was determined by a standard volumetric procedure 
and total anion concentration (apart from phosphate which was determined gravimetrically) 
was estimated by a cation-exchange method. Solutions for the measurements were obtained 
by mixing 15 g. of stock solution with 5 g. of water or of acid solution. 

Measurements on Ferric Phosphate Solutions.—In these solutions the mole ratio of PO, : Fe 
was of necessity high, because of the low solubility of ferric phosphate in dilute phosphoric acid 
solutions. Table 1 shows that in them and in their mixtures with phosphoric, perchloric, and 
hydrochloric acids, the effective magnetic moment is approximately 5-90 Bohr magnetons. 

Measurements on Ferric Perchlorate, Chloride, and Sulphate Solutions —The values of Fem) 
found for the ferric chloride solutions (Table 2 b, c) are close to those for the ferric phosphate 
solutions (Table 1), whilst those for ferric perchlorate and sulphate are rather lower, but are 
raised on addition of free perchloric or sulphuric acids, respectively (Table 2 a, d), as observed 
by Bose.® 

In the absence of much free acid in the initial solutions, additions of phosphoric acid to all 
three solutions cause, initially, a very sharp fall in the values of yreqm which, however, pass 
through a minimum value and rise again to the initial values in the presence of excess of 
phosphoric acid (Table 2 a, b, d)—as would be expected from the preceding experiments 
(Table 1). In the presence of much free acid, however, the fall in yyeqm is not observed 
(Table 2 c). 


DISCUSSION 


It is evident that in solutions containing much free acid there is no significant deviation 
from a magnetic moment corresponding to five unpaired electrons for the iron(1m) atoms 
(Tables 1 and 2c). Now there is evidence to indicate that in solutions of ferric phosphate 
in phosphoric acid (cf. Table 1 a) complexes such as [Fe(HPO,),|* are present.*7_ Hence, 
it can be deduced that in such complexes the iron(111) atoms have five unpaired electrons— 
as might be expected from the electronegative character of the ligand. The same can be 
expected for other mononuclear complexes such as [FeHPO,]*.® 

From the values of weg. shown in the Figure it appears that, for solutions containing 
less free acid, a minimum in the moment is found for those containing phosphate and iron 
in mole ratios close to 1 : 2, regardless of the other anions present (perchlorate, chloride, or 
sulphate). A value of 5-3 B.M. or possibly much less can be deduced by extrapolation for 
solutions having this mole ratio; since in this region the apparent change in mass measured 
on application of the field was barely greater than the diamagnetic correction, it is difficult 
to obtain more precise values. The facts that this minimum occurs at, or close to, a mole 
ratio of PO,: Fe = 1: 2 and that the effective magnetic moment changes so markedly 
with small variations in that ratio indicate that an interaction between ferric ions and 
phosphate ions is involved and that a complex of the type [Fe,(PO,)|** is formed. Further 
support for this conclusion has been provided by ion-exchange studies.® In these, poly- 
nuclear complexes of this type are formed in solutions containing low concentrations of 
free acid, but are decomposed in solutions of higher acidity to yield complexes such as 
[FeHPO,]*. The reason for the absence of any change in moment in the presence of 
excess of free acid (Table 2 c) thus becomes apparent. 

The lower magnetic moment associated with the formation of an ion such as 


* Genge and Salmon, /J., 1957, 256. 

5 Samuelson, “‘ Ion Exchangers in Analytical Chemistry,” John Wiley & Sons Inc., 1953, pp. 117 
et seq. 

6 Bose, Proc. Indian Acad. Sci., 1935, A, 1, 754. 

7 Jameson and Salmon, /J., 1954, 28. 

§ Salmon, /., 1953, 2644. 

* Holroyd and Salmon, J., 1957, 959. 
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[Fe,(PO,)|** is presumably due to the same interaction resulting from the close proximity 
of two iron(111) atoms as occurs in the diamagnetic [Fe,(OH),|** dimer.2° However, a 
study of scale models shows that in such an ion the iron atoms are not necessarily held in 
close proximity, but are free to take up positions in which interaction between their 
unpaired electrons is unlikely to occur. It is possible, however, that the phosphate- 
containing ion is derived from the [Fe,(OH),|** ion, by replacement of one hydroxyl group 
by a phosphate group to give an ion such as [Fe,(OH)(HPO,)}** or [Fe,(OH)(PO,)]**. 


Values of pen. for Fe*+ in mixtures of solutions of 
Fe(111) salts with orthophosphoric acid solutions. 


A FeCl, (low free acid). 
A FeCl, (high free acid). 
V_ Fe,(SO,)s- 
Q Fe(ClO,)s. 


A ett 








$3 1 l l J 
° / 2 3 4 


Mole ratio PO, :Fe 





Such formation, which appears feasible from a study of scale models, agrees with the 
results of the ion-exchange experiments.® 

Such ions as [Fe,(OH)(HPO,)]** or [Fe,(OH)(PO,)}** would presumably be diamagnetic 
and hence their formation from Fe** ions would be accompanied by a big change in 
moment. Nevertheless, the very rapid fall in weg. as a 1:2 mole ratio of PO,: Fe is 
reached indicates that in such solutions a significant concentration of these complexes is 
formed—a conclusion which finds support since in these solutions (in which the mole ratio 
is 1 : 2) the dark yellow of the original ferric salt solutions has almost entirely disappeared. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. 
BATTERSEA POLYTECHNIC, Lonpon, S.W.11. (Received, November 30th, 1956.] 


10 Mulay and Selwood, J. Amer. Chem. Soc., 1955, 77, 2693. 
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634. The Conductivity of Silver Salts in Non-aqueous and 
Mixed Solvents. Part V.1 


By V. S. GriFFitHs and M. L. PEARCE. 


The conductivities of silver perchlorate and silver nitrite in acetone and 
ethylene glycol have been measured. The effects of small additions of 
organic bases, benzene, and nitromethane have been observed. 


Mucu information on the conductance of salts in non-aqueous solutions is available in 
the literature. In previous papers of this series attention was focused on silver salts. 
Griffiths and Lawrence? used solvent mixtures containing a small amount of organic 
base, and thus investigated the effects of dielectric constant and ionic radius on the 
dissociation of silver nitrate since it was known that the electrophilic cation interacts 
strongly with organic bases, thus allowing some variation in the size of the cation at will. The 
effect of organic bases on the conductivity of silver salts in non-aqueous solvents was either 
(a) an increase due to increased dissociation or (b) a decrease due to decreased ion-mobility. 
It was claimed that effect (b) is always present but that it is more than nullified by effect 
(a) in the case of a “‘ weak ”’ silver salt, e.g., silver nitrate in acetone. 

The investigations now reported were carried out in an attempt to extend this work, 
primarily to silver perchlorate and nitrite in acetone and ethylene glycol as main solvents. 
In addition to organic bases, the effects of benzene and nitromethane have been investig- 
ated. Benzene was chosen because spectrometric investigations by Taufen, Murray, and 
Cleveland * support Winstein and Lucas’s theory * of x-complex formation, though the 
effect on the mobility of the silver ion appears not to have been investigated previously. 


Dissociation Radius Bjerrum 
Additive constant Conductivity of cation parameter 
Salt Solvent (1%) (10°K) (Ao) (r4) (A) (a) (A) 
AGTIO, ..cccccceses Acetone _ — 181-55 2-86 —_ 
BACB, .ccccccceces Acetone Pyridine 2-78 167-42 3°39 3-16 
AGUA, cvecccocceee Acetone Picoline 2-84 166-33 3°34 3-16 
RAs ovcccesscoes Acetone Collidine 7-65 161-16 3-68 4-48 
RE g .ccivsesceee (CH,*OH), —— 1-43 9-038 1-00 1-05 
pw Te (CH,°OH), Pyridine 92-4 6-761 2-03 4-36 
BEI, scecscassese (CH,-OH), Picoline 10-3 7-027 1-81 4-68 
© Be scascsoccces Pyridine = 1-91 81-9 tf 3-94 — 
T AQCIO yg nccceccessee Benzene — — § 150 —_— 4-89 


* Results of Luder and Kraus (J. Amer. Chem. Soc., 1947, 69, 2481). + Results of P. Kraus and 
Fuoss (ibid., 1936, 58, 255). t A,” = 34:3. § K = 0-78 x 107%. 

The results are presented in Figs. 1 and 2, and in the Table. The values of the 
conductivity (A,) and the dissociation constant were calculated by Shedlovsky’s extra- 
polation method.® Linear variation of dielectric constant and viscosity with solvent 
composition was assumed for the solvents used (see Griffiths and Lawrence ”). 

The effect of basic additives on the conductivity of the relatively strong electrolyte 
silver perchlorate, in acetone, was as follows. Substantial reductions in the equivalent 
conductivity were observed, indicating that the mobility of the cation is severely impaired 
by formation of an ionic complex presumably of the type : 


+ K + 
SN: Ag -N< =w=SN: Ag: N< cs. 6.6) am 


At first sight the magnitude of the change appears to depend solely on the size of the 
complex-forming molecule, but it should be noted that for the bases used the basic strength 


The paper by Griffiths and Lawrence, J., 1956, 473, is considered to be Part IV. 
Idem, J., 1955, 2797. 

Taufen, Murray, and Cleveland, J. Amer. Chem. Soc., 1941, 68, 3500. 

Winstein and Lucas, ibid., 1938, 60, 836. 

5 Shedlovsky, J]. Franklin Inst., 1938, 225, 739. 
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increases with the size of the molecule. Breuhlman and Verhuek ® calculated the value 
of K for eqn. (1) for pyridine, «-picoline, and y-picoline, and found that it increases linearly 
with basic strength. Fyfe 7 also showed that the stability of the silver-ammine complexes 
could be related to the mobility of the x-electrons on the nitrogen atoms. Since K of 
eqn. (1) depends on the basic strength of the electron-donor, and hence the stronger the 
base the greater is the number of silver ions involved in complex-formation, the basic 
strength of the additive will also affect the equivalent conductivity. On the other hand, 
if the salt is not completely dissociated in the pure solvent, the base will tend to increase 
the dissociation since the formation of a complex effectively removes one of the ionic 
species, and the increased ionic size will tend to inhibit ion-pair formation. Experimental 
support for this is supplied by Griffiths and Lawrence,” this being the effect they referred 
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AgNO, in (©) pure acetone; in acetone containing 1% of ((1)) benzene or (<>) nitromethane. 
AgClO, in (@) pure acetone; in acetone containing 1% of (J) benzene, (A) pyridine, (w) f-picoline, 
or (@) collidine. 
AgNO, in (©) pure ethylene glycol; in glycol containing 1% of (P)}) y-picoline or (A) pyridine. 
—-—-— Theoretical Onsager slope. 
—-—w— Results of Griffiths and Lawrence ! for AgNO, in pure ethylene glycol. 
— Results of Griffiths and Lawrence ! for AgNO, in ethylene glycol containing 1% of pyridine. 


to as more than nullifying the decrease in conductivity caused by complex-ion formation. 
Hence the slope of the plot of A against 4/c for the binary solvent will conform more closely 
to the theoretical Onsager slope than will the slope for the pure non-basic solvent. The 
combined influence of both effects, namely, the decrease in conductivity due to decreased 
cation-mobility, and the increase in conductivity at real concentrations due to increased 
dissociation, will be to decrease the intercept and slope of the A—/c plot. 

The results for silver perchlorate in acetone bear out this concept. The slopes of the 
A-+/c plots do decrease with increasing basicity of the solvent, and the intercepts decrease 


* Breuhlman and Verhuek, J. Amer. Chem. Soc., 1948, 70, 1401. 
7 Fyfe, Nature, 1952, 169, 69. 
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with increasing molecular volume of the additive. On the other hand, the pyridine and 
y-picoline plots for silver nitrite in ethylene glycol (Fig. 2) do not show this trend. A 
possible explanation appears in that the quantitative values of the basic strengths 
considered are in all cases the basic strengths in water. The strength of a base in two 
different solvents will not be the same and it is even possible that the order of strengths 
in water of the bases used, viz., pyridine < «-picoline < y-picoline < collidine, may not 
be the same in another solvent. The fact that the pyridine solution has a lower A, than 
the picoline solution may be due to the hydroxylic nature of the solvent, .e., a levelling 
solvent. Hence undoubtedly some solvation of the cation by glycol molecules occurs and 
this, combined with our comparative ignorance of the nature of the ionic complex formed, 
leads to the possibility that the pyridine complex is relatively more solvated by glycol 
molecules than is the picoline complex. 

Griffiths and Lawrence’s results for silver nitrate in glycol are included in Fig. 2 for 
comparison. From a theoretical standpoint it seems probable that the dissociation of 
the nitrate and nitrite should be similar in glycol solutions containing 1% of pyridine and 
hence their slopes in Fig. 2 should be approximately parallel. This is indeed the case. 
It is a reasonable assumption that the effects, if any, of basic additives on the anion will 
be negligible compared with the effect on the cation. Hence in applying Walden’s rule 


in the form : 
oo 2 yt 
9 = 22+} 


where 2)* = ionic mobility, » = viscosity, r_ = radius of anion, and r, = radius of 
cation, it may be safely assumed that for binary mixtures only 7, has changed. This, 
together with the necessary assumption that 7, and r_ are equal for the pure solvent, 
allows the calculation of the Stokes radii for all the solvent mixtures used. The Table 
lists the Stokes radii for the various solutions investigated together with the corresponding 
Bjerrum parameters. Both factors increase with the molecular volume of the base added, 
thus lending considerable support to the theory of the formation of an ionic complex of 
the type shown in eqn. (1). Since the validity of the Bjerrum parameter depends on the 
assumption that only electrostatic forces are involved, the values derived may be accepted 
only as guides to the magnitude of the distance between the centres of charge. The 
Stokes radii give a far more realistic picture of the sizes of the ions involved. 

It appears that the association—dissociation process depends to quite a large extent on 
the size of the ions involved. However, if, as seems probable, a reversible process, such 
as that indicated in eqn. (1) is involved, the dissociation will also depend directly on the 
basic strength of the complex-forming component of the solvent. In other words, the 
extent to which preferential solvation takes place, apart from the actual size of the ion so 
produced, will also affect the degree of dissociation. 

Addition of benzene to silver nitrate (see Fig. 1) and silver perchlorate in acetone 
(see Fig. 1) caused slight changes in the conductivity of each solution. Moreover, in both 
cases the change was as would be expected from the change produced by organic bases, 
i.é., an increase for the nitrate and a decrease for the perchlorate. The results are of interest 
since they are compatible with x-complex formation. These actual differences are small 
and quantitative interpretation would be unjustifiable until a more refined experimental 
technique is developed, but any significance which can be associated with the results 
tends to support x-complex formation. Nitromethane had no effect on the conductivity 
of the silver nitrate solution, indicating that it is the availability of the electrons on the 
nitrogen atoms that determines the effect of nitrogenous additives on the conductivity 
of the electrolyte solution. 


Experimental.—This was as described earlier.'+? 
Acetone, ethylene glycol, and organic bases were purified as described by Griffiths and 
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Lawrence.':? Benzene was purified by the method of Rybicka and Wynne-Jones,’ and nitro- 
methane was purified by distillation in a stream of nitrogen at reduced pressure. 


The authors thank the Central Research Fund of the University of London for a grant 
(to V. S. G.) and Imperial Chemical Industries Limited for a grant for the provision of glassware 
and cells. 


BATTERSEA POLYTECHNIC, Lonpon, S.W.11. [Received, December 5th, 1956.] 


® Rybicka and Wynne-Jones, J., 1950, 3671. 





635. Haperiments in the cycloButane Series. Part I1I.* Attempts 
to obtain Optically Active Substituted 1 : 2-Dimethylenecyclobutanes. 


By F. B. KippinG and J. J. WREN. 


Optically active derivatives of cyclobutane (IV; R = Ph) could not be 
obtained by chromatography on (+-)-lactose or (IV; R = Phand p-C,H,Me) 
by dehydration from an active diol (II). Attempts to make derivatives of 
the compound (IV; R = Ph) with acidic groups substituted in the phenyl 
radicals are described. Unusual difficulties were encountered in the prepar- 
ation of Grignard reagents from benzyloxyhalogenobenzenes. 


A stupy of the ultraviolet spectrum of 1 : 2-bisdiphenylmethylenecyclobutane (IV; 
R = Ph), together with those of homologues (R = p-tolyl, p-isopropylphenyl, and 
p-tert.-butylphenyl), strongly favoured a non-planar configuration for such a system ? 
and molecular models served to confirm this. Attempts have now been made to demon- 
strate optical activity in compounds of this type. 

The hydrocarbon (IV; R = Ph) crystallises from various solvents as tufts of large 
needles, but the crystals show no evidence of being a conglomerate; chromatography on 
activated (+-)-lactose 3 * failed to effect resolution. 

The synthesis of these dienes is indicated (I —»» II —» IV) and it was thought that 
an optically active diene might be obtained by starting with (+)- or (—)-ester (I): loss 
of one molecule of water from the diol (II) should give an active olefinic alcohol (III), 
which by stereospecific dehydration might yield an optically active hydrocarbon (IV). 


CO,£t CR,-OH CR; CR, 
ie ia tiem ste - 
**CO,Et **CR*OH CR2°OH CR, 
(I) (11) (IIT) (IV) 


Accordingly, (--)-trans-cyclobutane-1 : 2-dicarboxylic acid was resolved by Golds- 
worthy’s method,® and the esterified (—)-acid treated with phenylmagnesium bromide 
to give the (—)-diol (II; R = Ph), which was then treated with a variety of dehydrating 
agents. No appreciable dehydration occurred in boiling acetic anhydride, with boiling 
6% aqueous oxalic acid, or in light petroleum saturated with toluene-p-sulphonic acid 
at 60°. Reagents which effected dehydration, namely, hydrochloric acid in glacial acetic 
acid, iodine in xylene, toluene-f-sulphonic acid in toluene, and even (—)-camphor-10- 
sulphonic acid in toluene,® all yielded optically inactive diene. Use of any of these 


* Part II, J., 1957, 1733. 

1 Alberman and Kipping, J., 1951, 779. 

* Alberman, Haszeldine, and Kipping, /J., 1952, 3287. 

* Henderson and Rule, Nature, 1938, 141, 917; J., 1939, 1568; Lecoq, Bull. Soc. roy. Sci. Liége, 
1943, 12, 316. 

* Prelog and Wieland, Helv. Chim. Acta, 1944, 27, 1127. 

5 Goldsworthy, /J., 1924, 2012. 

§ Wuyts, Bull. Soc. chim. Belg., 1921, 30, 30; Maitland and Mills, J., 1936, 987. 
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reagents is open to serious objection, since they might promote cis-trans-isomerisation 
of the phenyl groups in (IV), and this would cause racemisation (the dimethylamino- 
derivatives to be described in a future communication isomerised very rapidly in presence 
of acid). Thermal dehydration, on the other hand, appeared more suitable, but this also 
yielded optically inactive dienes (IV; R = Ph and R = #-tolyl). 

Attempts were next made to prepare a diene containing acidic groups in the para- 
positions in the benzene rings by using, instead of phenylmagnesium bromide, Grignard 
reagents from f-benzyloxyhalogenobenzenes (V; X = halogen) or p-methoxymethoxy- 
halogenobenzenes (VI; X = halogen). It was proposed to remove the benzyl groups 
by hydrogenolysis, or the methoxymethyl groups by hydrolysis, and then to 
convert the hydroxyl groups into O-CH,°CO,H, thus giving finally (IV; R= 
p-HO,C-CH,°O’C,H,). Although Grignard reagents have been prepared from -bromo- 
anisole and #-bromophenetole 7? in very good yield, neither the chloride (V; X = Cl) nor 
the bromide (V; X = Br) reacted with magnesium: this was demonstrated by recovery 
of the pure halides and by the sensitive colour test for Grignard reagents.* The iodide 
(V; X =]) reacted sluggishly with activated magnesium,® but although the reaction was 
repeated frequently in attempts to improve the yield of Grignard reagent [which was 
measured by the yield of p-benzyloxybenzoic acid (V; X =—CO,H) isolated after 
carboxylation and hydrolysis], satisfactory results could not be obtained. 


p-Ph-CH,-O-C,H,X MeO-CH,-O-C,H,Xp- (p-Ph-CH,-O-C,H,),CMe-OH 
(V) (VI) (VII) 


The use of activated magnesium-—copper alloy 1° with the iodide (V; X = I) was next 
investigated : a fairly vigorous reaction occurred at first, but it died down as a sticky oil 
was deposited from the solution. Addition of benzene to the ether largely prevented this 
deposition and improved the yield by about 20%. Despite the recovery of large amounts 
of unchanged iodide, further additions of activated magnesium or alloy had virtually no 
effect upon the yield of Grignard reagent, which was diminished when shorter or longer 
reaction periods were employed. The best yield of carboxylation product obtained 
was 46%. 

Lithium reacted very sluggishly with the bromide (V; X = Br) in boiling ether, and 
only 1% of carboxylation product was obtained after thirty hours’ stirring under nitrogen ; 
a considerable amount of phenol was isolated from the product. In view of the known 
lability of benzyl ethers towards lithium aryls !! the reaction was not investigated further. 
For comparative purposes, a Grignard reaction was attempted on benzyl m-iodophenyl 
ether under the conditions which were best for the f-isomer: after starting vigorously 
the reaction yielded only 36% of carboxylation product. 

After a preliminary experiment, in which the Grignard reagent (V; X = Mgl) reacted 
with ethyl acetate to yield the expected product, 1 : 1-di-p-benzyloxyphenylethanol (VII), 
it was then treated with the cyclobutane diester (I): this yielded a small amount of an 
unidentified colourless substance (see Experimental section) but none of the expected diol 
(Il; R = -Ph-CH,°O-C,H,) which had in fact already undergone dehydration to the 
yellow diene (IV; R = #-Ph’CH,°O°C,H,). This illustrates that the ease of dehydration 
of the diols (II) depends upon the electron-releasing power of the groups R: the diol in 
which R = p-tolyl is dehydrated more readily than those in which R = Ph, p-PriC,H,, 
and p-Bu'C,H, (see ref. 1 and Experimental section), and less readily than that in which 
R = £-Ph’CH,°0°C,H,g. 

7 Gilman, Zoellner, Selby, and Boatner, Rec. Trav. chim., 1935, 54, 584. 

8 Gilman and Schulz, ]. Amer. Chem. Soc., 1925, 47, 2002. 

* Holliman and Mann, /J., 1942, 737. 

10 Gilman, Peterson, and Schulze, Rec. Trav. chim., 1928, 47, 19; Gilman and Heck, Bull. Soc. chim. 
France, 1929, 45, 250. 
ey Luttringhaus and Saaf, Angew. Chem., 1938, 51, 915; Wittig and Léhmann, Annalen, 1942, 550, 
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Treatment of the diene (IV; R = p-Ph-CH,°O-C,H,) in benzene solution with hydrogen 
at atmospheric temperature and pressure, with palladium-charcoal as catalyst, failed to 
reduce the diene system (possibly owing to steric hindrance), but neither did it hydro- 
genolyse the benzyl ether groupings. (Successful hydrogenolysis of benzyl #-chloro- 
phenyl ether (V; X = Cl) confirmed the activity of the catalyst used.) Hydrogenation 
at elevated temperature and pressure was precluded, since it had been shown to reduce 
the diene system of the parent hydrocarbon (IV; R = Ph).'* Hydrochloric acid at 
100° 13: 14 also failed to debenzylate the molecule. In view of the wide variety of benzyl 
ethers which have been successfully hydrogenolysed,!* these findings may be attributed 
to conjugation of the lone electron pairs of the oxygen atom with the diene system. 

The bromide (VI; X = Br) and the iodide (VI; X =I) proved to be unstable in 
alkaline as well as in acidic media and both failed to yield Grignard reagents, probably 
because of this lability, since traces of formaldehyde, methanol, or phenol would inhibit 
the Grignard reaction. 


EXPERIMENTAL 


M. p.s are corrected, b. p.s uncorrected. Infrared spectra were examined in Nujol mull, and 
ultraviolet spectra were measured on Unicam SP 500 spectrophotometers. 

Chromatography of 1 : 2-Bisdiphenylmethylenecyclobutane (IV; R = Ph) om (+-)-Lactose.— 
The diene (0-50 g.) in light petroleum (previously shaken with concentrated sulphuric acid and 
distilled; b. p. 40—60°) was chromatographed on lactose (700 g.; column diameter 55 mm.), 
activated according to Prelog and Wieland * but without the final 250-mesh sifting. The diene 
was eluted in eighteen fractions: several of these were examined polarimetrically in 4 dm. tubes, 
but all were optically inactive. The first six fractions were combined and evaporated at room 
temperature, and the residue dissolved in benzene: no optical activity was detected in the 
resulting solution, or in a solution similarly obtained from the last six fractions. 

(+)-trans-cycloButane-1 : 2-dicarboxylic Acid.—The cis-anhydride was prepared in 30% 
overall yield from adipic acid 3° via the diethyl «3-dibromoadipates,!” and converted into the 
(+)-trans-acid by Perkin’s method.'® The resulting dark solution in concentrated hydro- 
chloric acid was boiled with charcoal, filtered, and evaporated, and the residue crystallised 
from 20:1 benzene-dioxan. The yield was 69% and the m. p. 130-5—131°. Its infrared 
spectrum showed bands at 2630 (OH str.), 1693 (C:O str.), and 917 cm.“ (cyclobutane ?). 

(—)-trans-cycloButane-1 : 2-dicarboxylic Acid.—Goldsworthy’s resolution 5 was repeated. 
The diquinine salt of the (—)-acid, recrystallised from water and dried in vacuo at 120°, gave 
[a}i7* —174°, [x}%* —168° (c 0-5), [a]?? —171° (¢ 1 in EtOH); it decomposed before melting 
(Found: C, 69-4; H, 7-3; N, 6-95. Calc. for C,,H,;,O,N,: C, 69-7; H, 7-1; N, 7-1%). 
These values were not appreciably changed by further recrystallisation or by liberating the acid 
and reconverting it into the salt, and they differ considerably from Goldsworthy’s, [a], — 192-9° 
(concentration and temperature not stated). The discrepancy between our result and Golds- 
worthy’s clearly cannot be accounted for by the differences of temperature and concentration, 
and it seems that it may be due mainly to the presence of water in the alcohol used by 
Goldsworthy, as shown : 


Ethanol Anhydrous +-10% water 119° water 
FF itt bedhcotbblatl —272 —188° —198° 
YEP cdcacaccocscepsccesesecs — 167 -182 -~192 


Excess of ammonia was added to a solution of the salt in hot water, the precipitated quinine 
removed by filtration, and the filtrate acidified with hydrochloric acid and evaporated under 
reduced pressure; after thorough drying, the residual solid was extracted with anhydrous 
ether, and the extract evaporated to give the (—)-acid, recrystallising from benzene [in which 
it is more soluble than the (+)-acid] as prisms, m. p. 116—117°, [a]}#*® — 158°, [a}%? —157° 


12 K. B. Alberman, Ph.D. Thesis, Cambridge, 1951. 

13 Sintenis, Annalen, 1872, 161, 329. 

14 Baker, Nodzu, and Robinson, /., 1929, 74. 

158 Hartung and Simonoff, ‘“‘ Organic Reactions,”’ Vol. VII, 1953, pp. 295— 301. 
16 Buchman, Reims, Skei, and Schlatter, J. Amer. Chem. Soc., 1942, 64, 2696. 

1? Org. Synth., 1946, 26, 57. 

18 Perkin, J., 1894, 572. 
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(¢ 0-75 in H,O) (Found : C, 50-1; H, 5-7. Calc. for C,H,O,: C, 50-0; H, 5-6%). Goldsworthy 
reported m. p. 105°, [a]%? —124-3° (c 0-85 in H,O); the possibility that his specimen had been 
partially racemised by recrystallisation from concentrated hydrochloric acid was eliminated, 
since (—)-acid recovered after 2 hr. in boiling concentrated hydrochloric acid had [a] —151°. 
Changes of concentration and temperature had virtually no effect on the rotation of the (—)-acid. 

The mother-liquor from the original crystallisation of the diquinine salt yielded acid having 
[a}?? +86° (from benzene): treatment of this with the theoretical amount of quinine for 
(—)-acid present, with care that the salt separated as crystals and not as an oil, yielded acid, 
after removal of the salt, having [«]?? + 107°, which was then fractionally crystallised from a 
large volume of benzene. Ultimately a small quantity of material, [«]?* + 150°, was obtained ; 
thus, the (+-)-acid was not isolated in a pure state. One of the crops from benzene had m. p. 
105—108°, [a]? + 123-8° {cf. Goldsworthy’s values for the (+-)-acid, m. p. 105°, [a]? + 123-3°}. 

Diethyl (—)-trans-cycloButane-1 : 2-dicarboxylate (I).—(—)-Acid (3-1 g.) and 10% ethanolic 
sulphuric acid (22 ml.) were refluxed during 24 hr., cooled, and poured into water, and the 
resulting mixture was extracted three times. with carbon tetrachloride. The combined extracts 
were washed with dilute aqueous sodium carbonate, then with water, dried (CaCl,), and distilled, 
giving 3-3 g. (78%) of the (—)-diester, b. p. 80-3°/1-0 mm., n? 1-4372, [a]#®* — 124°, [a]? —122° 
(c 0-5 in acetone) (Found: C, 59-8; H, 8-2. C,.H,,O, requires C, 60-0; H, 8-0%). Th 
rotations do not agree with Goldsworthy’s for the (-+-)-diester, [a]? +77-9° (in acetone). 

(—)-trans-1 : 2-Di-(«-hydroxydiphenylmethyl)cyclobutane (II; R = Ph).—Prepared from 
the (—)-diester (1-5 g.) exactly as was the (+)-compound from the (-+)-diester,! the diol (2-8 g., 
89%), crystallised from light petroleum (b. p. 100—120°), had m. p. 158—161° and [a]? —56-4° 
(¢ 0-5 in acetone). Recrystallisation from aqueous ethanol gave needles, m. p. 174—175-5°, 
[a]i* —53°, [a]%? —59-0° (c 0-5 in acetone) (Found: C, 85-5; H, 7-0. C,,H,,0O, requires 
C, 85-7; H, 6-7%). 

Thermal dehydration of the diol (II; R= Ph). (—)-Diol (0-65 g.) was heated at 200—210° 
during 2} hr. in a stream of dry, acid-free nitrogen. The yellow giass which formed on cooling 
was extracted with boiling light petroleum (b. p. 60—80°), and the extract decanted from a 
small residue of unchanged diol. The extract, which had [a], ca. + 22°, was run on to an 
alumina column (25 g.; diameter 10 mm.) which was then developed with light petroleum: a 
large, pale yellow zone of the diene was eluted first, giving an optically inactive solution which 
yielded rods of the (--)-diene, m. p. 182-5—183-5°. A pale orange band was eluted next, which 
gave an optically inactive solution and yielded a few orange-brown crystals on evaporation. 
Two coloured bands then remained on the column, one small and dark at the top, and the other 
sharp and yellow; elution of these with acetone gave a strongly dextrorotatory solution, which 
gave a little viscous yellow oil on evaporation, and this could not be crystallised. 

Tetra-p-tolyl Diene (IV; R = p-C,H,Me).—Use of the (—)-diester in place of the (--)-diester 
employed previously * gave a Grignard product consisting of both diol (II; R = p-C,H,Me) 
and diene (IV; R = ~-C,H,Me), and neither could be crystallised from ethanol (contrast the 
earlier experiment). The strongly levorotatory product was therefore heated slowly to 170° 
in a stream of dry, acid-free nitrogen; dehydration was proceeding rapidly at 140°, and no 
diol was found in the product, chromatography of which gave results closely parallel to those 
described above for the tetraphenyldiene. 

Benzyl p-Chlorophenyl Ether (V; X = Cl).—p-Chlorophenol (25 g.), benzyl chloride (26 g.), 
and potassium carbonate (28 g.) were heated under reflux in acetone (50 ml.) during 7 hr., with 
intermittent shaking to break the solid mass of inorganic material.1® After removal of the 
acetone under reduced pressure the residue was shaken with water and ether, and the ether 
layer washed with alkali and water and dried (CaCl,). The ether was then distilled, residual 
benzyl chloride removed in vacuo, and the product crystallised from methanol (31-2 g., 73%; 
m. p. 71—72°; lit.,2° 71°). 

Benzyl p-bromophenyl ether (V; X = Br), prepared as above (yield 61%), had m. p. 
62—63-5° (lit.,1 #1 59—59-5°, 64—65°). 

Benzyl p-iodophenyl ether (V; X = I), prepared as above, except that refluxing was for 
74 hr. (yield 85%), had m. p. 62—63° (lit.,2* 62—63°). 


1® Claisen, Annalen, 1919, 418, 69; Powell and Adams, J]. Amer. Chem. Soc., 1920, 42, 646. 
2° Baw, Quart. J]. Indian Chem. Soc., 1926, 3, 101. 

21 Auwers, Annalen, 1907, 357, 85. 

22 Matheson and McCombie, /., 1931, 1103. 
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Benzyl m-iodophenyl ether, prepared as was the p-isomer, crystallised from light petroleum 
(b. p. 40—60°) and separated by centrifugation, had m. p. 51-5—52-5° (lit.,** 52°). 

Grignard Reagent from Benzyl p-Iodophenyl Ether.—Active magnesium-—copper alloy 
(0-45 g.) was reactivated and a solution of the iodide (4-0 g.) in dry ether (20 ml.) and dry benzene 
(4 ml.) added during ? hr. with refluxing. After a further 2} hours’ refluxing, freshly ground 
solid carbon dioxide was added, and the mixture treated with ice and sulphuric acid and extracted 
with ether. The ether layer was then extracted twice with large volumes of 10% aqueous 
sodium carbonate (the sodium salt is only sparingly soluble), which was then acidified and 
extracted with ether. After being washed with water the ether layer was evaporated, giving 
1:35 g. (46%) of crude p-benzyloxybenzoic acid (V; X =—CO,H): recrystallisation from 
aqueous ethanol (charcoal) and vacuum-sublimation at 120° yielded colourless plates, m. p. 
193-5—194-5° (lit.,2* 188°) (Found: C, 73-4; H, 5-1. Calc. for C,4H,,0,: C, 73-7; H, 5-3%). 

Extraction of the ethereal layer, after the sodium carbonate extraction, with aqueous 
sodium hydroxide gave no phenolic material but benzyl p-iodophenyl ether (1-9 g., 48%) was 
recovered from it. 

The yield of acid obtained as above but without the addition of benzene was 24%, and on 
use of benzene but activated magnesium instead of the alloy was 37%. 

1 : 1-Di-p-benzyloxyphenylethanol (VII).—Pure ethyl acetate (0-227 g.) in ether (5 ml.) was 
added to a Grignard solution prepared as above. After hydrolysis with ice and ammonium 
chloride the product was worked up and crystallised from benzene, giving 0-556 g. of the alcohol, 
m. p. 182—184°. Recrystallisation from acetic acid gave plates, m. p. 187—188° (Found: 
C, 82-2; H, 6-7. C,,H,,O, requires C, 81:9; H, 6-4%). 

1 : 2-Bisdi-p-benzyloxyphenylmethylenecyclobutane (IV; R = p-Ph°CH,*O-C,H,).—(+)-trans- 
Diester (I) (0-58 g.) in ether (15 ml.) was added during } hr. to the refluxing Grignard 
solution prepared as above, and refluxing maintained during a further 14 hr. The resulting 
yellow solution was poured on ice and ammonium chloride, and the ethereal layer evaporated 
to give a viscous, yellow-brown oil (5-8 g.) which was then dissolved in hot benzene. The 
filtered solution was evaporated to 15 ml. and cooled; it then yielded crystals of an unidentified 
colourless substance (70 mg.), m. p. 213—216° (decomp.), from aqueous ethanol (see below). 
After removal of these crystals the benzene was evaporated and the residual oil extracted with 
a large volume of cyclohexane : the resulting solution was run on to an alumina column (250 g. ; 
diameter 35 mm.). Unchanged iodide was eluted in cyclohexane; the diene, which formed a 
sharp yellow band near the top of the column, was then eluted in benzene, giving yellow needles 
from acetone (0-48 g., 21%), m. p. 179—180°, which fluoresced intensely pale green in ultra- 
violet light (Found: C, 86-1; H, 6-1. C;,H,,O, requires C, 86-1; H, 6-0%). The ultraviolet 
absorption maxima of this compound, max. (in EtOH) 372 my (e 25,300) and 272 mu (< 39,600), 
show bathochromic and hyperchromic displacements compared with those of the parent 
hydrocarbon (IV; R = Ph). 

Unidentified Colourless Substance (see above).—After chromatography (benzene—chloro- 
form on alumina) and vacuum-sublimation at 205° it had m. p. 220-5—221° [Found: C, 83-1; 
H, 66%; M (Rast), 219], Amax. (in EtOH) 266 my (ec 14,500 for mol. wt. 219). The infrared 
spectrum had strong bands at 3370 (OH str.), 1616, 1603, 1504, 1248, 816, 747, and 700 cm."', 
and a band of medium strength at 918 cm.~* which might indicate the presence of a cyclobutane 
ring : 75 the spectra of most of the 1 : 2-disubstituted cyclobutanes studied in the present work 
showed such bands (918—911 cm.“!). The substance was unaffected by hydrochloric acid in 
boiling glacial acetic acid, was insoluble in boiling aqueous sodium hydroxide, and gave no 
oxime, and its ethanolic solution gave no colour with ferric chloride; it did not fluoresce in 
ultraviolet light. Its m. p. is high compared with those of most possible products of the 
reaction, but is similar to that (215°, not sharp) recorded for 4: 4’-dibenzyloxydiphenyl; ** 
this compound is excluded by the analysis and infrared spectrum. 

Grignard Reagent from Benzyl m-Iodophenyl Ether.—m-Benzyloxybenzoic acid (36%) was 
obtained in the same way as the p-isomer, and recovery of the iodide was 22%. The acid, 
crystallised from acetic acid, had m. p. 135-5—136° (lit.,27 134°). 


*3 Buchan and McCombie, J., 1932, 2857. 

* Cavallito and Buck, J. Amer. Chem. Soc., 1943, 65, 2140. 

25 Bellamy, “ The Infrared Spectra of Complex Molecules,’’ Methuen, London, 1954, pp. 28—29. 
26 Van Alphen, Rec. Trav. chim., 1931, 50, 415. 

27 Jones, J., 1943, 430. 
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Hydrogenolysis of Benzyl p-Chlorophenyl Ether (V; X =Cl).—The ether (1-02 g.), 5% 
palladium—charcoal (60 mg.), and “‘ AnalaR ’’ acetic acid (15 ml.), were shaken under hydrogen 
at atmospheric temperature and pressure: hydrogen uptake was 95% in 35 hr., and pure 
p-chlorophenol (83%) was isolated. 

p-Iodo-methoxymethoxybenzene (VI; X = I1).—Chloromethyl methyl ether (7-32 g.) was 
added slowly to p-iodophenol (20-0 g.) and sodium (2-00 g.) in ethanol (70 ml.), in a flask fitted 
with an efficient reflux condenser: a vigorous reaction took place and sodium chloride was 
deposited from the solution. Water (400 ml.) was then added, the organic layer washed with 
aqueous sodium hydroxide, then with water, ether was added, and the solution dried (K,CO,). 
Filtration and distillation then yielded 7-06 g. (29%) of the acetal (VI; X = I), b. p. 89—92°/0-6 
mm.: this was redistilled and the middle fraction taken (Found: C, 36-4; H, 3-6. C,H,O,I 
requires C, 36-4; H, 3-4%). Left with water overnight, the crude reaction product yielded 
only p-iodophenol; the purified acetal decomposed over pellets of potassium hydroxide. 

p-Bromo-methoxymethoxybenzene (VI; X = Br).—Prepared as above, this had b. p. 72°/0-5 
mm. Redistillation always left appreciable white residues, m. p. >150° (product of decompos- 
ition -+ condensation ?). It decomposed in one week in ether over anhydrous potassium 
carbonate; no satisfactory analysis was obtained (Found: C, 43-7; H, 3-7. Calc. for C,H,O,Br: 
C, 44:3; H, 4-2%). 

Attempted Preparation of Grignard Reagents from p-Halogeno-methoxymethoxybenzenes 
(V1).—Activated magnesium-—copper alloy gave exothermic reactions with ethereal solutions 
of the bromide and the iodide, but the colour test was negative: these reactions appeared to be 
formation of the phenoxides, since p-iodophenol in ether also reacted vigorously with the alloy. 
Moreover, no carboxylic acid was isolable after carboxylation of the products. 


A maintenance grant, provided by the Department of Scientific and Industrial Research, 
is gratefully acknowledged (J. J. W.). 
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636. Haxperiments in the cycloButane Series. Part IV.* The Inter- 
action of Diethyl cis-cycloButane-1 : 2-dicarboxylate with Phenyl- 
magnesium Bromide. 

By F. B. Kippinc and J. J. WReEN. 
A detailed study of the reaction given in the title is described. 


TuHE hydroxy-ketone (II) was obtained ! in only 12% yield from diethyl cis-cyclobutane- 
1 : 2-dicarboxylate (I) and phenylmagnesium bromide, and the reaction has now been 
investigated in detail in order, if possible, to obtain this substance in larger yield, as it was 


Compounds isolated from the reaction of phenylmagnesium bromide with diethyl 
cis-cyclobutane-1 : 2-dicarboxylate (% yields). 


Experiment No. l 2 3 4 
Diester into Reagent (3 mol.) As expt. 1, Diester into stirred 
Conditions : reagent (3 mol.) into diester on 16-fold scale reagent (6 mol.) 
yg renee ca. 10 ~- Some 30 
Hydroxy-ketone (II) ... 20 0 18-4 9 
Olefinic ketone (III) ... - 14 ca. 3 -- 
Yo) eee —- _- = 30 
Lactome (TX) .ccccccscces ~— 11 3-6 — 
Diketone (VII) ......... ~- -— 12 -— 


required for a subsequent investigation. our of the numerous experiments are described 
in the Experimental section and the reaction scheme and the Table show the nature of the 
* Part III, preceding paper. 
+ Alberman and Kipping, J., 1951, 779. 
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products and the yields: in the scheme, assumed intermediate products which were not 
actually isolated are in brackets. A maximum yield of 20% only was obtained of the 
hydroxy-ketone. 

The hydroxy-ketone (II) may be formed either directly from the ester (I) or from the 
diketone (VI) or lactone (IX) and it is not clear whether the olefinic ketone (III) is formed 
in the reaction or during working up of the product. 


COPh COPh 
Pa. LI. 
COPh **COPh 


Kipping and Wren: 


CPh,+OH 
—_ 


+CPh,-OH 


@ tome 
CO,Et 


CPh,-OH 
+ 
COPh 


(VI) (VII) 


COPh 





Sow 
_—> 
CPh;OH 


(V 


1 or, 
—> 
CPh, 


IIT) 





(I) (11) (iil) (IV) (V) 
CPh, CPh, CPh, CPh 
be \ * \ \ 
.e) Oo oO O° 
a / Fé Ss 7 
; co CPh-OMe CPh-OH CPh 
(IX) (X) (XI) (X11) 


The lactone (IX) of (--)-cts-2-(a-hydroxydiphenylmethyl)cyclobutanecarboxylic acid 
was obtained by Ellingboe and Fuson? from the reaction of cis-cyclobutane-l : 2-di- 
carboxylic anhydride with two molecular equivalents of phenylmagnesium bromide. The 
present experiments gave at first a form («), m. p. 102-5—103-5°, but later a more stable 
form (8), m. p. 117—118°, which appears identical with Ellingboe and Fuson’s material. 
Chromatography of lactones on alumina is known to involve considerable loss of material,® 
and the 11% yield of the lactone obtained by this means in experiment 2 is probably 
considerably less than was produced in the reaction. 

(+-)-trans-1 : 2-Dibenzoylcyclobutane (VII) was obviously obtained via its cis-isomer 
(VI): the latter isomerises rapidly in ethanolic sodium hydroxide at room temperature,* 
presumably via an enol intermediate, and Grignard reagents are known to facilitate enolis- 
ation; only the ¢rans-isomer, therefore, would be isolable in these experiments. Such 
trans-diketone formed in the reaction mixture could react with Grignard reagent to give 
the diol (VIII) [in contrast to the cis-diketone (VI), which would give the hydroxy-ketone 
(II) owing to steric hindrance 4]: dehydration of the diol would give the diene (V) which 
was conveniently isolated by chromatography. Alternatively, the diene might come from 
the olefinic alcohol (IV) formed by reaction of the olefinic ketone (III) with Grignard 
reagent. 

The y-hydroxy-ketone (II) should be tautomeric with the lactol (XI). That the 
tautomeric equilibrium favours the keto-form (as it does in the case of the simplest 
y-hydroxyketone, 4-oxopentanol *) was shown by infrared spectroscopy: spectra of the 
crystals (in Nujol mull) and of a solution (in CCl,) showed a prominent band in the region 
of C:0 stretching frequencies, of intensity similar to that for the ¢vans-isomer in which 
tautomerism is sterically impossible. The ¢rans- was prepared from the cis-isomeride by 
the action of ethanolic sodium hydroxide and its structure confirmed by dehydration to the 
olefinic ketone (III). The tautomerism of the cis-isomer may explain the formation of 
the ketal, tetrahydro-2-methoxy-2 : 5 : 5-triphenyl-3 : 4-cyclobutanofuran (X) in experi- 
ment 4 (and in several others). This compound slowly crystallised from methanolic 


? Ellingboe and Fuson, J. Amer. Chem. Soc., 1934, 56, 1777. 
* Lederer and Lederer, “‘ Chromatography,” Elsevier, Amsterdam, 1954, p. 117. 
* Ellingboe and Fuson, J. Amer. Chem. Soc., 1934, 56, 1774. 
5 Liittke, Chem. Ber., 1950, 83, 571. 
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mother-liquors which had failed to yield more of the hydroxy-ketone when evaporated and 
seeded. It did not crystailise from a saturated solution of the pure hydroxy-ketone in 
methanol, and was obtained in high yield from experiment 4, which yielded relatively little 
of the hydroxy-ketone. It is therefore unlikely that the ketal is formed by interaction of 
the solvent with the lactol tautomer (XI). However, dehydration of the latter might 
occur in situ, giving the dihydrofuran (XII) which, by addition of methanol, could give 
the ketal: parallels for both stages are found in the literature, namely, the dehydration of 
tetrahydro-2-hydroxy-2 : 4: 5: 5-tetraphenylfuran with hydrochloric and acetic acid ® 
and the reaction of 4 : 5-dihydro-2-methylfuran with methanol and a trace of acetic acid : ? 


Ph, Pho 
Ph Ph 
o —> 12) Se 7 1°) 
= ~ 
Ph° “OH Ph Me Me OMe 


Chemical proof of the tautomeric nature of the hydroxy-ketone was afforded by con- 
version into the ketal. The reagent usually employed for this type of methylation, 2% 
anhydrous methanolic hydrogen chloride at room temperature, merely dehydrated the 
keto-form to the olefinic ketone. However, toluene-f-sulphonic acid dehydrates this 
type of compound less readily than hydrochloric acid, and it proved a suitable catalyst for 
the methylation. An attempt to prepare the methyl ether of the keto-form, by using 
Purdie’s reagent, gave only the dehydration product. 

The above findings concerning the reaction of the diester with phenylmagnesium 
bromide bear many analogies to the known reactions with Grignard reagents of succinic 
anhydride * and of phthalic anhydride and esters.® 

No adduct with maleic anhydride could be prepared from | : 2-bisdiphenylmethylene- 
cyclobutane. The parent compound, 1: 2-dimethylenecyclobutane, is a particularly 
reactive diene 1° and, since essentially only two phenyl groups of the tetraphenyldiene 
are conjugated with the diene system," electronic considerations suggested that the latter 
should be at least as reactive as 1 : 4-diphenylbuta-1l : 3-diene. Steric hindrance must 
therefore account for its failure to yield an adduct; this view is supported by the failure of 
1 : 2-difluorenylidene-ethane !* and 1: 1 : 4: 4-tetraphenylbuta-1 : 3-diene to yield adducts 
(experiments on the latter compound confirmed an earlier report 14). 


EXPERIMENTAL 


M. p.s are corrected, b. p.s uncorrected. Mol. wt. determinations were made by the 
cryoscopic method with ethylene dibromide as solvent, infrared spectra were examined in 
Nujol mull, and ultraviolet spectra on Unicam S.P. 500 spectrophotometers. 

Diethyl cis-cycloButane-1 : 2-dicarboxylate (I).—Using anhydrous ethanol in the preparation 
previously described + gave an improved yield (84%) of material of b. p. 78-5°/0-4 mm. 

Reaction of the cis-Diester (I) with Phenylmagnesium Bromide.—(1) The diester (5-0 g.) in 
ether (20 ml.) was added during 4 hr. to Grignard reagent prepared from magnesium (2-0 g.) and 
bromobenzene (12-6 g.) in ether (100 ml.) ; a viscous yellow oil was deposited and refluxing was 
maintained during a further 1 hr. After hydrolysis, using ice and ammonium chloride, and 


® Scholtis, Annalen, 1945, 557, 82. 

? Schniepp, Geller, and Von Korff, ]. Amer. Chem. Soc., 1947, 69, 672. 

8 Baddar, Lanson, El-Assal, and Habashi, J., 1955, 456. 

® Runge, ‘‘ Organometallverbindungen,”’ Wissenschaftliche Verlagsgesellschaft m.b.H., Stuttgart, 
1944, p. 452. 

10 Blomquist and Verdol, J. Amer. Chem. Soc., 1955, 77, 1806; 1956, 78, 109; Cunov, Diss Abs., 
1955, 15, 981. 

11 Alberman, Haszeldine, and Kipping, J., 1952, 3284. 

12 Wagner-Jauregg, Annalen, 1931, 491, 1. 

13 Alder and Schumacher, ibid., 1950, 570, 178. 
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steam-distillation (14 hr.) the plastic product was crystallised from ethanol; 1-7 g. (20%) of 
the hydroxy-ketone (II) were thus obtained, having m. p. and mixed m. p. 164—165°; 
recrystallisation from ethanol gave needles, m. p. 166-5—167° (Found: M, 351, 356. Caic. for 
C,,H,,0,: ©, 342). Its infrared spectrum showed characteristic bands at 3390 (OH str.), 
1656 (C:O str.), and 915 cm. (cyclobutane?). The original ethanolic mother-liquor was 
evaporated and the residue subjected to the usual dehydration conditions;! after several 
weeks, yellow fluorescent crystals separated, which by chromatography afforded about 10% 
of diene (V). 

(2) The same quantities being used as in experiment 1, the Grignard reagent was added to 
the well-stirred diester solution during 20 min., and refluxing was continued during a further 
20 min. First a yellow precipitate was formed, then this was replaced by light brown oil on the 
vessel walls. Worked up as above, the crude product (5-7 g.) was dissolved in boiling methanol 
(100 ml.) ; the filtered solution on cooling gave no crystals of the desired hydroxy-ketone, even 
when seeded. Olefinic ketone (III) (1-2 g.) crystallised from the more concentrated solution. 
Solvent was then removed from the mother-liquor in a stream of dry nitrogen at 100°, and the 
residual oil chromatographed in benzene solution on alumina. The benzene eluate on evapor- 
ation yielded a pale yellow oil which did not crystallise even when seeded with various possible 
compounds. A colourless oil was washed off the column with 95% ethanol and it began to 
crystallise after 4 days. Ether was then used to crystallise rectangular plates of the a-form of 
2-(a-hydroxydiphenylmethyl)cyclobutanecarboxylic lactone (IX) (11%), which, after recrystallis- 
ation and vacuum-sublimation, had m. p. 102-5—103-5° (Found: C, 81:7; H, 6.4%; M, 253, 
268. C,,H,,O, requires C, 81-8; H, 6:1%; M, 264). Its infrared spectrum showed bands at 
1773 (s.; C.O str. in y-lactone) and 913 cm.~* (cyclobutane ?), and was closely similar to that of 
the cyclohexane analogue. Dissolution of the lactone in alcoholic potassium hydroxide followed 
by precipitation with aqueous acid slowly yielded prisms of the 8-form, m. p. 117—118° (from 
ethanol) (Found: C, 82-1; H, 60%). The lactone (IX) was previously reported as having 
m. p. 116—117°.2, The infrared spectra of the «- and the $-form showed minor differences, 
consistent with dimorphism. A mixture of the two melted sharply at 117—118°, and the 
8-form was obtained by seeding solutions of the a with the 8, but not vice versa: the 8-form is 
thus the more stable. 

(3) On sixteen times the scale of experiment 1, addition of the diester took } hr., and refluxing 
was continued during } hr. Crystallisation of the crude product from methanol gave 25-2 g. 
(18-49%) of the hydroxy-ketone (II). The mother-liquor yielded colourless inhomogeneous 
crystals (4-2 g.) which on dehydration gave yellow, mildly fluorescent material, which probably 
consisted of diene (V) and olefinic ketone (III). After evaporation, the same mother-liquor 
then slowly yielded 3-1 g. (2-4%) of the olefinic ketone, m. p. and mixed m. p. 94—95-5°. 
Fractional distillation of the mother-liquor at 1-1 mm. then yielded three main fractions : 
(i) diphenyl, b. p. 93°, (ii) a viscous yellow oil, b. p. 182—200°, and (iii) a very viscous, deep 
orange oil, b. p. 210—255°, with a strong odour. Fraction (ii) began to crystallise after several 
weeks, and cubes of the pure diketone (VII) were obtained by recrystallisation from ether 
(m. p. 97-5—98-5°; cf. needles, m. p. 97°; #* 96—97-5° ) (Found: C, 82-1; H, 5-8%; M, 284, 
263. Calc. for C,,H,,0O,: C, 81-8; H, 61%; M, 264). Its infrared spectrum (C:O str., 
1675 cm.~!) bore close resemblances to that of acetophenone. An alcoholic solution of the 
diketone gave a precipitate with Brady’s reagent after 2 min. Its dioxime, even after repeated 
recrystallisation, tended to decompose near the m. p.; when heating was started at 167-5° it 
melted at 168—170° (cf. no mention of decomposition, m. p. 169—170°*). 1-3 g. of the lactone 
(IX; «-form) later crystallised from fraction (ii) of the distillate. Fraction (iii) was not 
investigated : it did not crystallise, even after being seeded with various possible compounds. 

(4) Experiment 1 was repeated, except that half the quantity of diester was used and the 
reagent was stirred vigorously. No oil separated during the addition (? hr.) and continued 
refluxing (} hr.). The crude product was a cream-coloured solid which yielded 0-38 g. of the 
slightly impure hydroxy-ketone from methanol (200 ml.). The mother-liquor was evaporated 
to ca. 40 ml. and left for 1 day: it deposited dense crystals (1-33 g.), m. p. 115-5—118-5°, of the 
ketal (X; see below). [Complete evaporation of the mother-liquor left a brownish oil (2-4 g.), 
which was dehydrated as usual: diene (1-42 g.) was then isolated from it by crystallisation and 
chromatography. ] 


4 Kao and Fuson, J. Amer. Chem. Soc., 1932, 54, 1120. 
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Two recrystallisations of the ketal from methanol gave dense rectangular prisms, m. p. 120— 
121°: these had to be dried in vacuo at room temperature, since even at 45° decomposition took 
place; after 3 hr. at 95° they had become molten, and after 12 hr. crystallisation from methanol 
yielded the olefinic ketone (III), m. p. and mixed m. p. 95—95-5°. Several specimens were 
analysed, but all gave slightly low carbon values, even when crystallised from light petroleum 
(b. p. 40—60°) and carefully dried (Found: C, 83-8; H, 6-6; OMe, 8:3%; M, 328, 325. 
C,;H,,O, requires C, 84-2; H, 6-8; OMe, 8-7%; M, 356). Its infrared spectrum showed no 
bands at OH or C20 stretching frequencies; in the region of C-O-C stretching frequencies there 
were strong bands at 1192, 1166, 1133, and 1058 cm.-, and a very strong triplet, 1006, 999, 
987 cm.-?. According to Tschamler and Leutner,}5 acyclic 1 : 3-diethers have two strong bands 
in the region 1150—1080 cm."!, and cyclic 1: 3-diethers two strong doublets, one 1160— 
1120 cm. and the other 1110—1050 cm." 

The ketal was recovered unchanged from dilute ethanolic sodium hydroxide after $ hr. at 20°. 
When a warm solution of it in glacial acetic acid was cooled, needles of the hydroxy-ketone (II) 
separated ; with hydrochloric acid in glacial acetic acid it gave the olefinic ketone (III). 

Dilute hydrochloric acid (3-5 ml.) and ketal (125 mg.) were heated together under a reflux 
condenser during 20 min., 1 ml. of the liquid was then distilled, and from the distillate, using 
the procedure described by Wild,?* we isolated 4 mg. (5%) of almost colourless crystals, which 
recrystallised from 95% ethanol as parallelogrammic plates, m. p. (and mixed m. p. with 
methyl 3 : 5-dinitrobenzoate) 107-5—108-5°. 

A control experiment, using methanol and hydroxy-ketone (II) instead of the ketal, gave a 
10% yield of the ester, m. p. 108—108-5°. 

Preparation of the Ketal (X) from the Hydroxy-ketone (I1).—Anhydrous toluene-p-sulphonic 
acid (0-39 g.) was added to an ice-cold solution of the hydroxy-ketone (0-20 g.) in anhydrous 
methanol (100 ml.). After 45 hr. in a stoppered flask at room temperature the solution was 
shaken with ether and excess of dilute aqueous sodium hydroxide, and the ethereal layer washed 
with water and evaporated. Two crystallisations of the residue from methanol gave the pure 
ketal (0-10 g., 49%), m. p. and mixed m. p. 120—121°. Its infrared spectrum was identical 
with that of the compound obtained in experiment 4 above. 

(+)-2-Benzoyl-1-diphenylmethylenecyclobutane (III).—This ketone was obtained by dehydr- 
ation of the hydroxy-ketone (II) and crystallised from methanol as rods or slim hexagonal plates, 
m. p. 95—95-5°. Its infrared spectrum showed bands at 1670 (C:O str.) and 1642 cm. (CC str.). 
Treatment with phenylmagnesium bromide, followed by working-up in the usual manner, gave 
an inhomogeneous product which probably consisted of the expected alcohol (IV) and the diene 
(V); dehydration converted it into the pure diene, identified by its ultraviolet spectrum and by 
mixed m. p. 

(+)-trans-2-Benzoyl-1-(a-hydroxydiphenylmethyl)cyclobutane.—cis-Hydroxy-ketone (II) (0-8 
g.), ethanol (40 ml.), and aqueous sodium hydroxide (2 ml.) were heated under reflux during 
lhr. The hot yellowish solution was then filtered and poured into water (150 ml.) : the crystal- 
line precipitate which formed was collected and from ethanol gave colourless rods of the trans- 
hydroxy-ketone, m. p. 170-5—171-5° (mixed m. p. with starting material 146—155°) (Found : 
C, 83-9; H, 6-3. C,,H,.O, requires C, 84-2; H, 6-5%). Its infrared spectrum was similar to 
that of the cis-isomer (OH str., 3840; C:O str., 1667 cm.-'). Under the usual dehydration 
conditions it was converted into the olefinic ketone (IV) identified by its ultraviolet spectrum 
and by mixed m. p. 
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gratefully acknowledged (J. J. W.). 
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15 Tschamler and Leutner, Monatsh., 1952, 88, 1502. 
16 Wild, “ Characterisation of Organic Compounds,” Cambridge University Press, 1948, p. 53 (5). 
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637. Reactions related to the Pinacol—Pinacone Rearrangement. Part 
II. The Fate of the Carbonium Ion derived from 2-Methylpropane- 
1 : 2-diol. 
By J. B. Ley and C. A. VERNON. 


2-Methylallyl alcohol in aqueous acid gives isobutyraldehyde and 
2-methylpropane-1:2-diol in the ratio ca. 1:3. The unimolecular 
solvolysis of 2-chloro-2-methylpropan-l-ol gives the same products in 
approximately the same ratio, and the two reactions are considered to 
proceed through a common carbonium ion. The acid-catalysed ring opening 
of 1: 2-epoxy-2-methylpropane also gives the same products, but in a 
different ratio. The reasons for this are discussed. The results are used 
to interpret the course of the acid-catalysed rearrangement of 2-methyl- 
propane-1 : 2-diol. 


In Part I ! the acid-catalysed rearrangements of 2-methylpropane-! : 2-diol and its dimethyl 
ether were shown to proceed via the carbonium ions (I) and (II) respectively. In water 
both ions give ultimately isobutyraldehyde. The analogous process in methanol was 
shown to proceed, for ion (II), by internal hydrogen shift. Other possible reactions of the 


(I) Me,C-CH,-OH Me,C-CH,-OMe (II) 


ions are combination with solvent, and loss of a proton from a methyl group. Since the 
first process would produce either the original substrate [from ion (I)], or a substance 
difficult to distinguish from the original substrate [from ion (II)], and the second would 
produce the readily protonated 2-methylallyl alcohol or its methyl ether, neither could 
be conveniently studied in the course of the acid-catalysed rearrangement of the glycol 
or its diether. 

Other reactions proceeding through ion (I) and with experimental conditions such that 
2-methylpropane-1 : 2-diol and 2-methylallyl alcohol would be stable were therefore 
sought. Three reactions expected to produce ion (I) are (a) acid-catalysed hydration of 
2-methylallyl alcohol, (b) acid-catalysed ring opening of 1 : 2-epoxy-2-methylpropane, and 
(c) Syl hydrolysis of 2-chloro-2-methylpropan-l-ol. These three have now been studied 
and from the results conclusions have been drawn about the relative ease of the various 
reactions of ion (I). 


CH,:CMe-CH,-OH 


Me,C-CH,-OH «<— Me,CCI-CH,-OH 
——aA St . ' 
\e, 
re) 
Hr 
RESULTS 


Acid-catalysed Rearrangement of 2-Methylallyl Alcohol.—This compound in aqueous per- 
chloric acid at 72-9° rearranged completely to isobutyraldehyde. The rate of production of 
aldehyde, initially rapid, decreased until, towards the end of the reaction, the rate was the 
same as that of rearrangement of 2-methylpropane-1 : 2-diol at the same acidity and tem- 
perature. This suggested that the initial reaction produced both the glycol and the aldehyde, 
the former slowly rearranging to the latter. At lower temperatures, where the glycol was 
relatively stable, the reaction was followed both by polarographic estimation of isobutyraldehyde 
(A) and by periodate estimation of the glycol (G). The results indicated that, for at least 70% 
of reaction, the percentage of aldehyde [100A/(A -+ G)] formed was sensibly constant. First- 
order rate coefficients were, within experimental error, the same when calculated from either 
set of analytical data, and were reasonably constant throughout any one reaction. In Table 1 


1 Part I, Ley and Vernon, J., 1957, 2987. 
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results are given for the rearrangement of 2-methylallyl alcohol (3-03 x 10m) in perchloric 
acid (2:16Mm) at 44-6°; k, and &g are the first-order rate coefficients calculated from the analytical 
data for the aldehyde and glycol respectively. 





TABLE 1. 

Time Concn. of Concn. of 100A 10°*K, 10°Kg 
(min.) aldehyde (10-*m) glycol (10-*m) A+G (min.—?) (min.-) 
0-0 0-087 0-306 22-1 _- — 
5-0 0-173 0-582 22-9 2-94 2-96 
10-0 0-259 0-810 24-3 3-18 2-91 
16-0 0-343 1-106 23-8 3°25 2-95 
20-0 0-404 1-190 25-2 3-49 2-89 
25-0 0-436 1-332 24-6 3-21 2-89 
35-0 0-504 1-608 23-9 3-07 3-00 
45-0 0-543 1-778 23-4 2-82 2-90 

« (calc.) 0-722 2-305 —- —_ — 


In the range of acid concentrations, ca. 1-0—2-7M, the percentage of aldehyde formed in 
the reaction was sensibly constant (mean value, 23-2); the rate of the reaction, however, 
increased faster than the stoicheiometric acidity, the logarithms of the first-order rate co- 
efficients against Hy, giving a straight line of slope —1-26. Table 2 refers to measurements 
made at 44-6°. 


TABLE 2. 

HCIO, (m) 100A/(A + G) * 108K, (min.-) 10*Kg (min) 
1-08 23-5 0-70 0-65 
1-62 21-4 1-75 1-55 
2-16 23-8 3-14 2-93 
2-69 24-2 6-04 5-92 


Acid-catalysed Ring-opening of 1: 2-Epoxy-2-methylpropane.—This reaction was too fast, 
even at 0°, for kinetic study. Estimations of the amounts of 2-methylpropane-1 : 2-diol (G) 
and of isobutyraldehyde (A) formed in mixtures containing 1-08M-perchloric acid were made; 
in Table 3, the percentages are calculated from the initial amounts of substrate. 


TABLE 3. 
Temp. (G) (%) (A) (%) 
0 96-8 2-7 
44-6 92-5 4-9 


Solvolysis of 2-Chloro-2-methylpropan-1-ol in Water.—The preparation of this compound 
by reduction of a-chloro-«-methylpropionyl chloride with lithium aluminium hydride gave a 
material whose chlorine content was low. The impurity appeared to be 2-methylpropane- 
1 : 2-diol formed by hydrolysis of the chloro-compound during working up, and it could not be 
removed by fractionation, presumably because of azeotrope formation. Accurate analysis 
of the amount of this impurity by periodate titration was not possible because of the hydrolysis 
of the chloro-compound under the conditions of the estimation. Since it was desired to estimate 
the amount of 2-methylpropane-1 : 2-diol formed in the solvolysis of the chloro-compound, a 
material initially containing this substance, in amounts not accurately known, was unsuitable. 

The reaction of hydrogen chloride and the oxide in anhydrous ether at — 10° gave a mixture 
of 2-chloro-2-methylpropan-l-ol and its isomer, 1-chloro-2-methylpropan-2-ol. Separation 
by fractional distillation proved impracticable. Chlorine analysis indicated that no other 
substance was present. Since the two isomers solvolysed in water at enormously different 
rates, the reaction of the faster reacting 2-chloro-2-methylpropan-1l-ol could easily be studied 
in the presence of its isomer. It was shown that the inert isomer had no effect on the analytical 
procedures and underwent no change in the course of the reaction studied. Estimations of 
chloride ion (C) and of isobutyraldehyde (A) were made at suitable points throughout the 
course of the reaction; 2-methylpropane-1 : 2-diol (G) was estimated in the final product. 
Table 4 shows the results obtained at 25°. 

It will be seen that, when the initial substrate concentration is calculated from that of the 
chloride ion at complete reaction, the amounts of glycol and aldehyde formed account for ca. 
96% of the reaction. A priori, the discrepancy might be due to the formation of a small 
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TABLE 4. 
Time (min.) [Cl] (10-$m) [A] (10-$m) [G] (10-°m) [A]100/[C1-} 100[A}/({[A] + [G)) 

0 3-73 0-99 — 26-7 — 
10 8-15 1-81 22-2 _ 
20 12-35 2-28 -- 18-5 -— 
32 16-85 3-44 20-4 — 

45 21-3 3-68 17-3 — 
60 26-0 5-21 20-5 — 
2% 53-5 12-3 39-8 22-7 23-6 


amount of 2-methylallyl alcohol. This substance is difficult to detect specifically, and conse- 
quently solvolysis of a relatively large amount of chloro-compound was carried out and the 
product was carefully fractionated. No 2-methylallyl alcohol was found and the discrepancy 
in Table 4 is most probably due to experimental error. 

First-order rate coefficients for the solvolysis were calculated from results referring to the 
rate of production of chloride ions, and were found to be constant, within experimental error, 
throughoutarun. The mean values obtained on using the mixture of isomers and the substance 
prepared by reduction of «-chloro-a-methylpropionyl chloride were virtually identical, 1.e., 
10-1 and 10-2 x 10 min.! respectively. In 40% (v/v) aqueous ethanol the reaction was much 
slower (k, = 2:34 x 10“ min.~). 


DISCUSSION 
The solvolysis of 2-chloro-2-methylpropan-l-ol in water cannot be shown to be unimole- 
cular by the usual criterion of non-dependence of rate on alkali concentration, since in the 
presence of sufficient base the reaction 
15 
Me,C—CH, ——» Me,C——CH, + Cl- 
q 


pF a 
O 


occurs, and an order in base appears in the rate equation. Nevertheless, there are good 
reasons for believing the solvolysis to be unimolecular: (a) the compound is structurally 
akin to ¢ert.-butyl chloride, the solvolysis of which, in water, is certainly unimolecular ; 
(0) the related 1 : 2-dichloro-2-methylpropane has been shown ? to undergo unimolecular 
solvolysis in water; (c) the increase in rate on change of solvent from 40% aqueous ethanol 
to pure water is as expected for a unimolecular mechanism.* If these arguments are 
accepted, the rate-controlling stage must be formulated as the formation of the carbonium 
ion (I), which then undergoes reaction to give 2-methylpropane-l : 2-diol and tso- 
butyraldehyde, 1.e. : 
Me,C(OH)°CH,°OH (75%) 


Sh + 
Me,CCI-CH,-OH ———- Me,C-CH,-OH till 
(I) Me,CH-CHO (21% 


The percentages given for the two products have been calculated as mean values from the 
data in Table 4. However, although 2-methylallyl alcohol was not detected among the 
products in a large-scale experiment, the possibility that small amounts are formed cannot 
be excluded. 

It is of interest to compare these results with those obtained by de la Mare and Salama * 
for the solvolysis of 1 : 2-dichloro-2-methylpropane. This compound reacts through the 
intermediate ion (III) and gives the products as shown. The two reactions give similar 


Me,C(OH)-CH,CI 0 
Me,C!-CH,Cl ———» Me,C:CHCI (6%) 
(III) CH,:CMeCH,Cl (10%) 


2 de la Mare and Salama, /., 1956, 3337. 
* de la Mare, Leffek, and Salama, /., 1956, 3686. 
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relative amounts of substitution product; the main difference is that, whereas elimination 
from a methyl group, giving an allylic derivative, occurs readily for ion (III) and accounts 
for 10% of the products, no similar process has been detected for ion (I). The inter- 
pretation of this difference involves considering the mechanism of formation of tso- 
butyraldehyde. There are two possibilities; first, proton loss giving the enol form of 
the aldehyde : 

H 


NE 
Me,C——-CH:OH ——® Me,C:CH-OH + Ht 


and, secondly, internal proton migration giving ion (V) which, by proton loss, gives the 
aldehyde in the keto-form : 


s % hs + 
Me,C—C-OH —> |Me,C=—C—OH|——> Me,CH-C=O-H —> Me,CH-CHO 


‘ S+ ' 
“ (V) 
(IV) 


The first of these processes would be analogous to the formation of 1-chloro-2-methy]l- 
propene from ion (IIT) and should occur the more readily since, in the transition state, the 
greater conjugative power of the hydroxyl group than of a chlorine atom, would be more 
effective in stabilising the incipient double bond. However, the second process, which 
has not been found for ion (III),* but has been shown to take place with ion (II) 
(Part I), is, since ions (I) and (II) are closely related, probably that which actually occurs. 
If this is so, its greater ease, compared with processes involving proton loss, can plausibly 
e attributed to stabilisation, by conjugation of the hydrogen group, of the partial positive 
charge on the «-carbon atom in the synartetic ion (IV). 
Acid-catalysed hydration of 2-methylallyl alcohol gives the same products as hydrolysis 
of 2-chloro-2-methylpropan-l-ol, and in approximately the same relative amounts (see 
Table 5). The rate of the reaction is dependent on Hammett’s acidity function, and this 


TABLE 5. 
Substrate (A) (%) (G) (%) 
S-Moathylaliyl aleohalh. .ccccosescscsccesccccccevescssevescssecese 23-2 76-8 
2-Chloro-2-methylpropan-1-0l .........ceeeeeeeeeeeeeeeeeees 21 75 
1 : 2-Epoxy-2-methylpropane ............ssecsessesseceseeeees 4-9 92-5 


The figures refer to 44-6°; values for 2-methylallyl alcohol are means over the range 1-0—2-6m- 
HC1O,. 


recalls a similar finding by Taft * in his work on the hydration of olefins. The exact 
significance of this dependence of rate on acidity function in the hydration of olefins is not 
clear. Taft supposed the rate-determining step to be a slow isomerisation of a x-complex, 
present in equilibrium amounts, to give the classical carbonium ion. de la Mare, Hughes, 
Ingold, and Pocker > suggested that, in reactions involving the addition of a proton to 
carbon, only the bare proton, or at least some freer form of protons than the normal 
electronic state of covalent H,O*, is effective; the scheme 





Fast 
H,O+ == HO + H+ 


Slow 
H+ + Olefin ———» Carbonium ion 


is consistent with a rate dependent on Hammett’s acidity function since it contains a 
pre-equilibrium step. On the other hand Long and Paul ® pointed out that olefin hydration 


* For ion (III) the two processes lead to different products; internal hydrogen migration would 
give isobutyraldehyde. For ion (I) the product is the same in the two cases. 

* Taft, J. Amer. Chem. Soc., 1952, 74, 5372. 

5 de la Mare, Hughes, Ingold, and Pocker, J., 1954, 2930. 

* Long and Paul, Chem. Rev., 1957, 57, 1. 
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may involve a slow proton-transfer as the rate-determining step and that proportionality 
of rate and H, is, in certain circumstances, plausible for this mechanism. 

This controversy, however, is not vital to the present argument, since, on any view, 
ion (I) would be a reaction intermediate. The close similarity in the relative proportions 
of aldehyde and glycol formed in the reaction and in the solvolysis of 2-chloro-2-methyl- 
propan-l-ol is consistent with this, and it may be concluded that both reactions proceed 
via ion (I). 

The acid-catalysed hydrolysis of 1 : 2-epoxy-2-methylpropane would also be expected 


to proceed via ion (I), 1.e. 
Slow 
Mec fHs —» Me,C-CH,-OH — Products 


‘ 


ce) 

Ht 
The evidence in favour of this scheme is strong. Long and Pritchard ? have shown, by 
180 tracer technique, that in acid conditions bond fission occurs almost entirely at the 
tertiary carbon atom. They have also shown § that, typically, the rates of hydrolysis of 
ethylene oxides are dependent on Hammett’s acidity function. Although this could not 
be shown for 1 : 2-epoxy-2-methylpropane itself, because its hydrolysis was too rapid, there 
is no reason to suppose it an exception to the general rule. 

In the present study it was found, consistently, that both isobutyraldehyde* and 
2-methylpropane-l : 2-diol were produced in the reaction of the epoxide, but the amount 
of the former product was very much less than in the other reactions proceeding through 
ion (I) (see Table 5). This difference in product ratio is not difficult to explain. When 
the ion is formed from the oxide, the oxygen atom moves away from the incipient carbonium 
centre towards whatever equilibrium position it takes up in the stable conformation. At 
any point before this state is reached the interaction between the oxygen electrons and the 
positive centre is greater than at equilibrium and, correspondingly, the distortion of the 
bond angles from the tetrahedral values at the primary carbon atom is also greater. Inter- 
nal hydrogen migration is less likely to occur in these strained conformations than in the 
equilibrium one; proton loss from the primary carbon atom is also less likely since 
conjugation of the hydroxyl group with the incipient double bond would be reduced. 
Substitution at the tertiary centre would, however, be unaffected, except that the shielding 
effect of the departing oxygen atom would tend to orientate the incoming group so as to 
produce configurational inversion. The consequences of assuming that ion (I), when 
formed from the oxide, undergoes substitution before reaching its equilibrium conformation 
are, then, twofold: (a) the substitution product should be formed in relatively greater 
proportion ; and (5) there should be an inversion at the tertiary centre. These consequences 
are consistent with the present findings and with the known tendency for essentially 
complete inversion to occur in the acid-hydrolysis of epoxides with suitable optically 
active centres.® 

The acid-catalysed rearrangement of 2-methylpropane-1l : 2-diol, as was shown in 
Part I, also proceeds through ion (I). If, as seems probable, the ion under these conditions 
is divided between its various products in the same way as in the hydrolysis of 2-chloro-2- 
methylpropan-l-ol and, as in the hydration of 2-methylallyl alcohol, a more detailed 
picture of the reaction can be built up, viz. : 


. Me,CH-CHO 
ka , : 
Me,C‘CH,OH === Me.C-CH,OH <= 
ks : 
+OH, CH,:CMe-CH,"OH 


* This substance had not previously been identified as one of the products of this reaction. 

? Long and Pritchard, J]. Amer. Chem. Soc., 1956, 78, 2663 

* Pritchard and Long, tbid., p. 2667. 

* Winstein and Henderson, ‘“‘ Heterocyclic Compounds,” Vol. I, Chap. 1, John Wiley and Sons Inc., 
New York, 1950. 
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The important conclusions are: (a) the ratio k,/R, is ca. 3; (6) ky is small compared with 
k, and ks. It is interesting to compare the ratio k,/k,; obtained here with the 
corresponding ratio for the pinacol—pinacone rearrangement (ca. 1-5) determined by Bunton, 
Hadwick, Llewellyn, and Pocker 1° using 1*O tracer technique. In view of the consider- 
able differences between the two systems, the relative tendencies of the two ions to return 
by substitution to the original substrate or to undergo group migration are remarkably 
similar, and this is consistent with the view that a common mechanism is involved and 
that, in neither case, is there major assistance to the formation of the carbonium ion by 
the migrating group. 

The magnitude of the rate coefficient k, compared with f, and , is, of course, unknown, 
but the reaction scheme shown includes the possibility that the step to which &, refers, 
i.e., the formation of the carbonium ion (I), may not be entirely rate-determining. In 
these circumstances, as Deno has pointed out," correlation of rate with acidity intermediate 
between H, and J, might be found, and it is possible that the high slopes of the Hammett 
plots for the rearrangement of 2-methylpropane-l : 2-diol and its dimethyl ether might 
have arisen in this way. 


EXPERIMENTAL 

Materials.—2-Methylallyl alcohol was prepared by hydrolysis of the corresponding chloride 
and had b. p. 114—114-5°, n® 1-4232. 

1 : 2-Epoxy-2-methylpropane was prepared by alkaline hydrolysis 01 1-chloro-2-methyl- 
propan-2-ol and had b. p. 50—51°, n?* 1-3700. 

A mixture of 1-chloro-2-methylpropan-2-ol and 2-chloro-2-methylpropan-1l-ol was prepared 
by dropwise addition of the epoxide (56 g.) to a solution of hydrogen chloride in dry ether 
(200 c.c.) at —10°. Anhydrous potassium carbonate was then added and the mixture set 
aside for 1 hr., then filtered and evaporated under reduced pressure at room temperature. 
Fractionation of the residue at 17 mm. gave a product, b. p. 36-5—38-5°, containing the two 
isomers in roughly equal amounts. Fractionation at higher temperatures or for prolonged 
times resulted in some decomposition of the tertiary chloro-compound to isobutyraldehyde and 
hydrogen chloride. 

An attempt was made to prepare 2-chloro-2-methylpropan-l-ol by reducing «-chloro-a- 
methylpropionyl chloride with lithium aluminium hydride. After addition in the normal way 
of the acid chloride to an ether suspension of lithium aluminium hydride, the product was 
added dropwise to 10% aqueous sulphuric acid, thus ensuring that the chlorohydrin did not 
come into contact with aqueous alkali. The best sample obtained had b. p. 59—60°/50 mm., 
n? 1-4313, and contained 74% of the chloro-compound. The compound is so readily hydrolysed 
by water and so sensitive to distillation that it appears unlikely that a pure product can be 
obtained in this way. 

Kinetic Measurements.—The rate of production of acid in water from the mixture obtained 
by the action of hydrogen chloride on the oxide was followed by the conventional method of 
titrating aliquot portions, taken at suitable intervals, with standard alkali. The following 
experiment, with 0-109M-RCl at 25° is typical. Titrations are of 5 c.c. aliquot parts with 
2-21 x 10°m-sodium hydroxide. 

The primary chloride was unchanged at 25°, and the first-order rate coefficients, sensibly 
constant throughout a run, refer to the solvolysis of the tertiary chloride. Total hydrolysis 
of the mixture and titration with standard silver nitrate solution gave Cl, 32-9 (calc. for 
C,H,OC1: Cl, 32-7%). 


Time (min.) ......... 0 5 10 20-1 300 400 600 112-0 x 
ys een 0-62 1-22 1:76 277 372 489 5:98 8-56 12-41 
10%%, (min.-) ......... o 103 10-1 10-1 10-1 10-0 10-1 00 — 


isoButyraldehyde was estimated throughout the kinetic runs by the polarographic method 
described in Part I. 2-Methylpropane-1 : 2-diol could be determined only at complete reaction 
since unchanged tertiary chloride was hydrolysed under the conditions of the estimation. An 
example of the results obtained is given in the results section. 


1® Bunton, Hadwick, Llewellyn, and Pocker, Chem. and Ind., 1956, 547. 
11 Quoted by Long and Paul, see ref. 6. 
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The rate of reaction of 2-methylallyl alcohol was investigated by sealing into ampoules 
portions (12 c.c.) of solutions containing known concentrations of substrate (ca. 0-03m) and 
of perchloric acid. The ampoules were heated at 44-6° in a thermostat, withdrawn at intervals, 
and stored in alcohol—carbon dioxide until required. Portions (5 c.c.) were analysed for glycol 
(G) by periodate titration as described in Part I. Other portions were diluted so as to give a 
perchloric acid concentration of 1-08N and analysed for isobutyraldehyde (A). The ratio 
A/(A + G) was constant for at least 70% reaction and then slowly increased in value. From 
the initial values of A/(A + G) and the initial substrate concentration, infinity values for (A) 
and (G) were found and used to calculate first-order rate coefficients; an example is given in 
the results section. 

Product Analysis.—Products from the hydrolysis of the oxide were investigated by placing 
solutions of it in water and of perchloric acid of appropriate concentration in the separate limbs 
of an inverted U-tube. The tube was heated to the required temperature and the solutions 
were then mixed by inverting the tube. Analysis of the resultant solution for glycol and for 
isobutyraldehyde was made by the standard procedures. 

A large-scale analysis of the products of solvolysis of 2-chloro-2-methylpropan-l-ol was 
carried out with 140 g. of a mixture of this substance (55-6%) and its isomer. Separation of 
the products by extraction, after saturation with sodium chloride, of the reaction mixture with 
ether, followed by distillation, gave the following fractions: (i) b. p. 62—64° (12 g,), 
isobutyraldehyde; (ii) b. p. 128—130° (60 g.), 1-chloro-2-methylpropan-2-ol, (iii) b. p. 
67—74°/10 mm. (10 g.), 2-methylpropane-1 : 2-diol. The intermediate fraction (b. p. 64—128°) 
was small (ca. 1 g.) and there was no sign of a fraction of b. p. 114°. Trials with artificial 
mixtures indicated that if 2 g. of 2-methylallyl alcohol (ca. 4%) had been present in the mixture 
it would have been detected. 


The authors thank Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., for their 
help and encouragement. Useful discussion with Drs. P. B. D. de la Mare and C. A. Bunton 
is also gratefully acknowledged. We are indebted to Professor F. A. Long for showing us the 
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638. The Rearrangement of «8-Unsaturated Alcohols to Saturated 
Aldehydes and Ketones. Part I. The Preparation of «8-Unsaturated 
Alcohols and 1: 2-Diols and their Prototropic Change. 


By M. B. GREEN and W. J. HIckInBotTom. 


The recorded acid-catalysed isomerisms of «$-unsaturated alcohols are 
reviewed. The behaviour of these alcohols when heated with sulphuric 
acid in water or in water-dioxan is studied and a comparison made with 
the behaviour of the corresponding 1:2-diols. The preparation of 
«8-unsaturated alcohols and 1 : 2-diols is reported. 


TuE characteristic changes which af-unsaturated alcohols can undergo in contact with 
aqueous mineral acid are (a) reversible oxotropic change, (b) dehydration to a diene, or 
(c) prototropic change with formation of a saturated aldehyde or ketone. 


(a) 
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=== RC: 


| (c) | 
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H HH 
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AQ— 
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Oxotropic rearrangement of these alcohols is well known.! Prototropic change, has, 
however, been observed only occasionally. 
2-Methylprop-2-en-l-ol is converted into tsobutyraldehyde by hot aqueous mineral 


1 See Braude, Quart. Rev., 1950, 4, 407. 
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acid 23; other examples of the prototropic change are the formation of 2-methylbutan-l-al 
from 2-ethylprop-2-en-l-ol, of 3-methylbutan-2-one from 3-methylbut-3-en-2-ol,* and of 
2: 4-dimethylpentan-3-one from 2: 4-dimethylpent-l-en-3-ol.° These alcohols are 
substituted allyl alcohols; allyl alcohol itself undergoes prototropic change only sluggishly 
—when heated at 100° with dilute hydrochloric acid it gives some propionaldehyde together 
with diallyl ether, propylene glycol, allyl chloride, and condensation products.® 

Since completion of our work Dreiding and Hartman ? have described the conversion 
of 2-methylenecyclohexanol into 2-methylceyclohexanone with hot dilute sulphuric acid. 

The isomerisation ® of «$-unsaturated alcohols to carbonyl compounds can also be 
achieved over nickel at 210° or over copper at 300°. This catalytic transformation is 
probably no more than a disproportionation. The change promoted by aqueous mineral 
acid admits no such obvious explanation and the object of our work was to study the 
conditions and causes of the change. 

Preliminary experiments were carried out with 2-methylprop-2-en-l-ol. The product 
of the rearrangement was identified as isobutyraldehyde by its physical constants and by 
comparison of its semicarbazone with that of an authentic specimen. The effect of varying 
the concentration of acid is shown in Table 1; 500 c.c. of acid of different concentrations 
and 20 g. of the alcohol were used in each experiment. The effect of varying the ratio of 
alcohol to acid, 0-4N-sulphuric acid being used, is shown in Table2. The yields are based 
on the weight of pure material isolated. With 0-4n-sulphuric acid the change was 
substantially complete after 8—12 hours’ refluxing. As a result of these experiments 





TABLE l. 
Concentration of sulphuric acid (N) 

Yield, wt. % 0-2 Q:1 0-2 0-4 0-8 1-2 2-0 4 
DD. weieetacaesesscsasaas 61 91 92 91 90 86 79 68 
COCHISE BOGERE . csceccesecccsosese --- -- — — -= 5 8 20 
Unchanged alcohol ......... 30 — -- _— —_— — -- 

TABLE 2. 
Volume of 0-4n-acid 
Yield, wt. % 2000 1000 400 200 100 40 20 
DE... siccnninintsicrnninsauneteinsnins 91 91 90 60 39 10 6 
GE MINED sanccncsvencisvescocccocssoses — — —- 26 48 7 63 
High-boiling products ............... bee 5 5 5 5 5 10 20 
TABLE 3. Primary alcohols RCH:CH-CH,°OH. 

Alcohol Product Yield, wt. % Alcohol Product Yield, wt. % 
CH,:CH-CH,-OH CH,°CH,°-CHO ~~ PriCH:CH’CH,OH Et-CO-Pri y ca. O-5 
MeCH:CH:CH,-OH Me-CO-Et ; ButCH:CH-CH,OH Et-CO-But 3 on 

TABLE 4. Primary alcohols CHy:-CR-CH,°OH. 

Alcohol Product Yield, wt. % Alcohol Product Yield, wt. % 
CH,:CMe-CH,,OH Me,CH-CHO 91 CH,:CPr'CH,,OH PrMeCH-CHO 89 
CH,:CEt-CH,-OH ...EtMeCH-CHO 90 CH,:CBu-CH,,OH BuMeCH-CHO 90 
CH,:CPr-CH,,OH PrMeCH-CHO 92 CH,:CBu+-CH,-OH ButMeCH-CHO 88 


standard conditions were devised (see Experimental) for comparing the behaviour of 
42 «f-unsaturated alcohols and their capacity for prototropic change. The results are 
recorded in Tables 3—7. The yields recorded are for the pure fractionated products; the 
loss during isolation is mostly “‘ column hold-up ”’ and amounts to about 10% when 20 
c.c. of alcohol are used. 

® Scheschukov, J. Russ. Phys. Chem. Soc., 1884, 16, 479. 

* Hearne, Tamele, and Converse, Ind. Eng. Chem., 1941, 33, 805; F.P. 763,286; U.S.P. 2,010,076. 

* Kondakov, J. Russ. Phys. Chem. Soc., 1885, 17, 290. 

5 Umnova, ibid., 1910, 42, 1530. 

: Solonina, ibid., 1887, 19, 302; Nef, Annalen, 1904, 335, 308. 
a 


* Dreiding and Hartman, J. Amer. Chem. Soc., 1956, '78, 1216. 
Delaby et al., Compt. rend., 1925, 180, 1278; Bull. Soc. chim. France, 1926, 39, 1582. 
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TABLE 5. Secondary alcohols CHs:CR-CHR'-OH. 


Yield, Yield, 

Alcohol Product wt. % Alcohol Product wt. % 
CH,:CMe-CHMe‘OH CH,-CHMe-CO-Me 92 CH,:CEt-CHBu-OH CH,°CHEt-CO-Bu 92 
CH,:CMe-CHEt‘-OH CH,-CHMe-CO-Et 89 CH,:CPr-CCHEt‘OH CH,°CHPr-CO-Et 91 


CH,:CMe-CHPrOH CH,°-CHMe-CO-Pr 90 CH,:CPrCHEt-OH CH,-CHPr'-CO-Et 90 
CH,:CMe-CHBu-OH CH,-CHMe-CO-Bu 91 CH,:CBu*CHEt-OH CH,°CHBu*CO-Et 86 
CH,-CEt-CHEt‘OH CH,°CHEt-CO-Et 87 
In the changes recorded in this Table, traces of aldehydes were present in the product They 
were removed by treatment with silver oxide before fractionation. The two alcohols 
CH,:CH-CHPr-OH and CH,:CH-CHBu*-OH gave only minute traces of ketones. 


TABLE 6. Primary alcohols RCH:CR’*CH,°OH. 


Yield, Yield, 
Alcohol Product wt. % Alcohol Product wt. % 
° EtCHMe-CHO 25 e PrEtCH-CHO 26 
MeCH:CMeCH,OH { CHMe,-CO-Me 63 OC RCHCEt-CH,OH {j¢cHEtcCort a 
" ¢ PrCHMe-CHO 15 > ° . BuCHMe-CHO 19 
EtCH:CMeCH,OH = {Clie cO-Et 9, PICHXESCH,OH {Scop  @ 
CHEt,-CHO 36 


MeCH:CEt-CH,’OH EtMeCH-COMe 52 


TABLE 7. Secondary alcohols RCH:CR’-CHR”:OH. 


Alcohol ......... EtCH:CMe-CHEtOH PrCH:CEt-CHPrrOH MeCH:CMe-CHEt-OH 
Product ......... PrCHMe-CO:Et- BuCHEt-CO-Pr EtCHMe-CO-Et + Et,CH-CO-Me 


The alcohols MeCH:CH-CHEt-OH and MeCH:CH-CHBu-OH gave no ketonic products. 

The following alcohols gave only dienes: CMe,;CMe-CH,,OH, CH,:CMe-CMe,°OH, 
CMe,:CMe-CHMe-OH, CMe,:CMe-CMe,°OH, CH,:CH-CEt,,OH, CMe,-CH-CHMe-OH, 
CH,:CEt-CEt,,OH, CHMe:CMe-CMe.,OH, CH,:CH*CMe,,"OH, CMe,-CH-CH,°OH, 
CHMe:CH-CMe,°OH. 

Comparison of the results in Tables 3 and 4 shows that a Cg-alkyl group has considerable 
effect in promoting prototropic change. Allyl alcohol and its linear homologues undergo 
prototropic change only with difficulty; the $-substituted allyl alcohols do so readily and 
practically quantitatively. With secondary alcohols it is possible to get some measure 
of the competing oxotropic reaction 


CH,-CR-CHR’**OH —— CH,°CHR:CO'R’ 


\ 


HO-CH,°CR:CHR’ —— CHO-CHR:CH,R’ 


Any aldehyde formed must result from oxotropic change followed by prototropic change. 
It is seen from Table 5 that only traces of aldehyde are formed ; oxotropic change, therefore, 
plays no important part. If, however, the unsaturated y-carbon of the allyl alcohol 
carries an alkyl group, oxotropy is the predominant reaction (Table 6). 


R-CH:CAIk-CH,-OH —— R°CH,°CHAIk-CHO 


i! 


R-CH(OH)-CAIk:CH, ——» R-CO-CHAIk-CH, 


With the alcohols RR’C:CR’’*CH,°OH there was no clear evidence of prototropic 
change: instead, dehydration occurred to the diene obtained from the isomeric tertiary 
alcohol RR’C(OH)-CR’CHg. 

The observed prototropic changes could be explained by thé formation of a glycol 
from the unsaturated alcohol, since there are recorded observations of the formation of 
glycols under these conditions,® and it has been established in this work, by varying the 
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conditions of the reaction, that excellent yields of cyclic acetals can be obtained: indeed 
this provides a convenient method of preparing the glycols. 
2CH,:CR‘CH,-OH ——> oes 
Oo Oo 
PA 
CH-CHR-CH, 


Alternatively, the well-known formation of carbonyl compounds from glycols under 
acid conditions and the prototropic change of «$-unsaturated alcohols might both proceed 
through a common transient intermediate. 


CHR:CR’*CHR”-OH —— CH,R’CR’(OH)-CHR’”-OH 


ba 


[A] —————> CH,R-CHR”COR” 


A number of 1 : 2-diols were therefore prepared corresponding to the expected hydration 
products of the «-unsaturated alcohols. Their behaviour was examined under conditions 
precisely comparable with those used for «$-unsaturated alcohols. The glycols 
HO-CRR’-CH,°OH were converted almost quantitatively into the aldehydes CHRR’*CHO 
(Table 8). 


TABLE 8. 
Yield, Yield, 
Glycol Product wt. % Glycol Product wt. % 
HO-CMe,°CH,°OH CHMe,°CHO 92 HO-CBuMe-CH,-OH CHBuMe-CHO 90 
HO-CEtMe-CH,-OH CHEtMe-CHO 89 HO-CButMe-CH,-OH CHButMe-CHO 86 
HO-CPrMe-CH,,OH CHPrMe-CHO “91 HO-CEt,°CH,-OH CHEt,-CHO 91 
HO-CPr'Me-CH,-OH CHPriMe-CHO 88 


Conversion of the glycols HO-CR,-CHR’-OH into the ketones CHR,*COR’ was substan- 
tially complete although small amounts (1% or less) of the isomeric aldehydes CR,R’*CHO 
were also formed (Table 9). 

Under the conditions used glycols HO*CHR’CH,°OH (R = Me, Pr, Pr', and But) gave only 
a small yield of the expected aldehyde; no carbonyl compound was detected when 
HO-CHMe:-CHPr--OH was refluxed with 0-4n-sulphuric acid. 

A tentative hypothesis to account for these results is considered in the following paper. 
It accords with the results of a study ® of the conversion of [1-!4C]methally] alcohol into 
tsobutyraldehyde. 


TABLE 9. 

Glycol Product Yield, % Glycol Product Yield, % 
HO-CMe,,-CHMe-OH CHMe,*COMe 89 HO-CEt,-CHMe-OH CHEt,-COMe 90 
HO-CMe,°CHPrrOH CHMe,°COPr 88 HO-CEtMe-CHMe-‘OH CHEtMe-COMe 89 
HO-CMe,°CHBu-OH CHMe,°COBu 87 


The required «$-unsaturated alcohols (Table 11) were conveniently prepared by 
reduction of «-unsaturated aldehydes with lithium aluminium hydride. Some secondary 
alcohols were also prepared from unsaturated aldehydes and alkylmagnesium halides. 

The Mannich reaction provided a useful route to «-alkylacraldehydes (Table 10). 
The method, originally employed by Marvel, Meyers, and Saunders,!° depends on thermal 
decomposition of the base formed by the condensation of a saturated aldehyde with 
formaldehyde and dimethylamine. 


RCH,°CHO + CH,O + NHMe, —— RCH(CH,"NMe,)-CHO ——» CH,:CR-CHO + NHMe, 


The unsaturated aldehydes CHR°:CR’*CHO were most satisfactorily prepared by 
crotonaldehyde condensation in alkali; with suitable control of the experimental conditions 


* Currell and Fry, J. Amer. Chem. Soc., 1956, 78, 4377. 
1° Marvel, Myers, and Saunders, tbid., 1948, 70, 1694. 
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good yields were obtained. In condensations between two different aldehydes the yields 


were understandably less, but under suitable conditions they were sufficiently good to 
make the method useful. 


TABLE 10. «-Alkylacraldehyde CH,:CR-CHO. 


Found, % Calc., % 
R Yield, % B. p. Cc H C H 
B® cnccccncvsnnevescesconcncesous 66 67—68° 68-4 8-5 68-6 8-6 
BO cccvevtndenstvacencrvoseeeees 75 91—92 71-6 9-6 71-4 9-6 
BE® cccccccccscesconcocccscesseses 73 116—118 73-6 10-4 73-4 10-2 
IP cndneunenennsiaianmincsouannes 55 106—108 73-4 10-3 73-4 10-2 
BD Saenasancvonsnevosastenenesine 78 138—139 75-1 10-7 75-0 10-8 
DP  bscdnanncsbtvncseeinbsnianece 69 125—126 75-2 10-8 75-0 10-8 
* Sommelet, Ann. Chim. Phys., 1906, 9, 526. 
TABLE 11. Unsaturated alcohols R-CH:CR’-CH,°OH. 
Found, % Calc., % 
Alcohol Yield, % B. p. Cc H Cc H 
But-2-en-1-0l © .........scceseereeee 70 117—118° 66-8 11-3 66-6 11-2 
2-Methylprop-2-en-l-ol® ...... 81 113—114 66-7 11-2 66-6 11-2 
2-Ethylprop-2-en-l-ol® ......... 83 133—134 69-9 11-7 69-7 11-7 
2-Propylprop-2-en-l-ol ......... 87 151—152 72-0 12-1 72-0 12-1 
2-isoPropylprop-2-en-l-ol ...... 84 146—147 72-0 12-1 72-0 12-1 
2-Butylprop-2-en-1-ol ............ 88 170—171 73-6 12-3 73°6 12-4 
2-tert.-Butylprop-2-en-l-ol ...... 78 161—162 73:8 12-5 73-6 12-4 
2-Methylbut-2-en-l-ol® ......... 84 123—124 70-0 11-6 69-7 11-7 
2-Ethylbut-2-en-l-ol ............ 87 138—139 71-9 12-0 72-0 12-1 
2-Methylpent-2-en-l-ol* ...... 86 140—14l 72-0 12-1 72-0 12-1 
2-Ethylpent-2-en-l-ol ............ 82 66—67 /25 mm. 73-8 12-2 73-6 12-4 
2-Ethylhex-2-en-l-ol ............ 89 85—86/25 mm. 74-9 12-5 74-9 12-6 


* Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 1197. * Ref. 2. * Kondakov, J. Russ. 
Phys. Chem. Soc., 1888, 20, 147. * Herzig, Monatsh., 1882, 3, 123. * Lieben and Zeisel, ibid., 1883, 
4, 28; 1886, 7, 54. 


TABLE 12. Esters HO-CRR’-CO,Et. 


R R’ Yield, % B. p.°/25 mm. R R’ Yield, % B. p.°/25 mm. 
Me Me 63 48—50 Me Bu 78 91—93 
Me Et 71 68—70 Me But 66 79—81 
Me Pr 74 80—82 Et Et 80 76—78 
Me Pri 73 73—75 

TABLE 13. 
Found, % Calc., % 

R R’ Yield, % B. p.°/25 mm. Cc H Cc 

Glycols HO-CRR”-CH,-OH. 
Me Me* 78 76—78 53-4 11-4 53-3 11-2 
Me Et? 83 85—87 57-8 11-7 57-7 11-6 
Me Pr 85 96—98 61-2 11-9 61-0 11-9 
Me Pri¢ 81 91—93 61-1 11-9 61-0 11-9 
Me Bu 86 107—108 63-7 12-4 63-6 12-2 
H Pri é 83 84—85 57-9 11-7 57-7 11-6 
Me But 75 94—96 63-8 12-1 63-6 12-2 
Et Et* 84 90—92 61-1 12-1 61-0 11-9 

Glycols HO-CR,-CHR’-OH 
Me Me! 74 81—82 57-8 11-8 57:7 11-6 
Me Et ¢ 76 91—92 61-0 12-0 61-0 11-9 
Me Pr¢ 79 104—105 63-8 12-2 63-6 12-2 
Me Bu* 77 116—117 65-8 12-5 65-7 12-4 
Et Me* 80 98—99 63-7 12-3 63-6 12-2 


* Nevole, Bull. Soc. chim. France, 1877, 27, 63. * Kling, ibid., 1904, 31, 18. ¢ Couturier, Ann. 
Phys. Chim., 1892, 26, 473. ¢ Flavitski, Annalen, 1875, 179, 351. * Henry, Compt. rend., 1907, 144, 
1405. Wurtz, Ann. Phys. Chim., 1859, 55, 458. % Kapron, ibid., 1948, 3, 117. * Meerwein, 
Annalen, 1919, 419, 136. ‘* Tiffeneau and Dorlencourt, Bull. Soc. chim. France, 1907, 1, 1209. 
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Most of the required 1 : 2-diols (Table 13) were prepared from «-hydroxy-carboxylic 
esters (Table 12) either by hydrogenation with copper chromite ™ or by reaction with 
appropriate alkylmagnesium halides. 


EXPERIMENTAL 


Distillation Technique.—The column (50 cm. long x 3 cm. diam.) was packed with L-shaped 
pieces of nickel gauze and wound externally with Nichrome wire covered with asbestos lagging 
2 cm. thick. The distillation head was of total reflux type with intermittent take off through 
a ball valve operated by a solenoid. The column had an efficiency of 20 plates at 30 c.c./hr. 
with a reflux ratio of 1:12; the hold-up was about 2 c.c. For distillation under reduced 
pressure a mercury manostat was used with an infinitely variable contact, and there was 
pressure equalisation across the column. 

The distillation vessel, a pear-shaped flask with nitrogen leak, was immersed in a thermo- 
statically controlled electrically heated oil-bath. 

The amounts thus distilled were generally not less than 20 c.c. and often considerably more. 
Under these conditions constancy of boiling point and satisfactory analyses provided a 
reasonable guarantee of purity. It shonld be added that when oxidisable or hygroscopic 
materials are handled as in the work described later, determination of refractive index is not a 
reliable or satisfactory indication of purity. 

General Procedure for Reaction of a8-Unsaturated Alcohols with Acid.—The unsaturated 
alcohol (20 g.) was refluxed with 0-4n-sulphuric acid (1000 c.c.) under nitrogen for 48 hr. The 
solution was then saturated with salt, the product extracted with ether, and the extract 
washed, dried, and distilled. If the solubility of the alcohol was too low to permit a homo- 
geneous solution, the aqueous acid was replaced by a 0-4n-solution of sulphuric acid in dioxan— 
water (1: 3 v/v). 

The carbonyl compounds were identified by comparison of their semicarbazones with 
authentic specimens. 

a-Alkylacraldehydes.—Dimethylammonium chloride (1-2 moles), formaldehyde (40% soln. ; 
1-2 moles) and the appropriate saturated aldehyde (1-0 mole) were stirred at 70° for 24 hr. and 
then steam-distilled. The distillate was extracted with ether and the extract dried and 
fractionated. Compounds thus obtained are shown in Table 10. 

Unsaturated Aldehydes, RCH:CR’*CHO.—The aldehyde (6-0 moles) or mixture of two alde- 
hydes (3-0 moles of each) was added during 15 min. to vigorously stirred N-sodium hydroxide 
(200 c.c.). The mixture was then quickly chilled in ice and the product extracted with ether 
and distilled. The following were thus prepared : 2-Methylbut-2-en-1-al !° (from acetaldehyde 
and propionaldehyde), b. p. 117—118°, yield 53% (Found: C, 71-6; H, 9-7. Calc. for 
C;H,O: C, 71-4; H, 9-6%). 2-Ethylbut-2-en-1l-al }* (from acetaldehyde and butyraldehyde), 
b. p. 36—37°/25 mm., yield 41% (Found: C, 73-4; H, 10-3. Calc. for CgH,,O: C, 73-4; 
H, 10-3%). 2-Methylpent-l-en-1l-al 1% (from propionaldehyde), b. p. 38—39°/25 mm., yield 
71% (Found: C, 73-4; H, 10-1. Calc. for C5H,,O0: C, 73-4; H, 10-3%). 2-Ethylpent-2-en- 
l-al (from propionaldehyde and butyraldehyde), b. p. 52—53°/25 mm., yield 42% (Found : 
C, 752; H, 10-6. C,H,,0 requires C, 75-0; H, 10-8%). In this and the following preparation 
the reactants were added to N-sodium hydroxide at 80°. 2-Ethylhex-2-en-1-al }* (from butyr- 
aldheyde), b. p. 66—67°/25 mm., yield 85% (Found: C, 76-2; H, 11-2. Calc. for C,H,,0: 
C, 76-1; H, 11-2%). 

Unsaturated Primary Alcohols.—The appropriate unsaturated aldehyde (1-0 mole) in dry 
ether (100 c.c.) was added to a stirred solution of lithium aluminium hydride (0-3 mole) in dry 
ether (300 c.c.) at such a rate as to produce gentle refluxing. 15 min. after addition was 
completed, water was added carefully and the mixture poured on ice and 10% sulphuric acid. 
The ether layer was separated, washed, dried, and distilled. Compounds obtained by this 
method are shown in Table 11. 

3-Methylbut-2-en-1-ol,1® b. p. 54—55°/25 mm., was prepared in 78% yield by reduction 

11 Adkins and Billica, J. Amer. Chem. Soc., 1948, 70, 3121. 

12 Cox, U.S.P. 2,175,556. 

13 Lieben and Zeisel, Monatsh., 1883, 4, 28; 1886, 7, 54. 

1% Raupenstrauch, ibid., 1887, 8, 112. 

15 Courtot, Bull. Soc. chim. France, 1906, 35, 660, 978. 
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of 6@-dimethylacrylic acid with lithium aluminium hydride (1-25 mol.) (Found: C, 69-8; 
H, 11-7. C;H,,O requires C, 69-7; H, 11-7%). 2: 3-Dimethylbut-2-en-1-ol,1® b. p. 61—62°/25 
mm., was similarly prepared from «3$-trimethylacrylic acid in 83% yield (Found: C, 72-9; 
H, 12-3. C,H,,O requires C, 72-0; H, 12-1%). 

Unsaturated Secondary Alcohols——The aldehyde (0-8 mole) in ether (250 c.c.) was added 
during 1 hr. to a solution prepared from magnesium (1 g.-atom), an alkyl bromide (1-0 mole) 
and ether (250 c.c.) cooled to 0°. The mixture was stirred throughout the addition and for 
3 hr. thereafter at room temperature. It was then poured on ice in saturated ammonium 
chloride solution. The ether layer was separated, washed, dried, and distilled. The following 
were thus prepared: 4-Methylpent-l-en-3-ol ?”’ (from acraldehyde and isopropyl bromide), 
b. p. 124—125°, yield 74% (Found: C, 72-0; H, 12-1. Calc. for C,H,,0: C, 72-0; H, 12-1%). 
4: 4-Dimethylpent-1-en-3-ol (from acraldehyde and ¢ert.-butyl bromide), b. p. 51—-52°/25 mm., 
yield 78% (Found: C, 73-6; H, 12-3. C,H,,O requires C, 73-6; H, 12.4%). Hex-4-en-3-ol 18 
(from crotonaldehyde and ethyl bromide), b. p. 133—135°, yield 81% (Found: C, 72-1; H, 12-1. 
Calc. for C,H,,0: C, 72-0; H, 12-1%). Oct-2-en-4-ol !* (from crotonaldehyde and butyl bromide), 
b. p. 79—80°/25 mm., yield 79% (Found: C, 75-1; H, 12-7. Cale. for C,H,,0: C, 74-9; 
H, 12-6%). 3-Methylbut-3-en-2-ol * (from 2-methylprop-2-en-1l-ol and methyl bromide), b. p. 
116—117°, yield 68% (Found: C, 69-7; H, 11-6. Calc. for C;H,,0: C, 69-7; H, 11-7%). 
2-Methylpent-1-en-3-ol (from 2-methylprop-2-en-l-al and ethyl bromide), b. p. 134—135°, yield 
73% (Found: C, 72-1; H, 12-1. C,H,,O requires C, 72-0; H, 12-1%). 2-Methylhex-1-en-3-ol 
(from 2-methylprop-2-en-l-al and propyl bromide), b. p. 153—154°, yield 75% (Found: 
C, 73-5; H, 12-2. C,H,,O requires C, 73-6; H, 12-4%). 2-Methylhept-1-en-3-ol (from 2- 
methylprop-2-en-l-al and butyl bromide), b. p. 77—78°/25 mm., yield 77% (Found: C, 75-0; 
H, 12-5. C,H,,O requires C, 74-9; H, 12-6%). 2-Ethylpent-1-en-3-ol (from 2-ethylprop-2- 
en-l-al and ethyl bromide), b. p. 64—65°/25 mm., yield 86% (Found: C, 73-7; H, 12-5. 
C,H,,O requires C, 73-6; H, 124%). 2-Ethylhept-1-en-3-ol (from 2-ethylprop-2-en-l-al and 
butyl bromide), b. p. 91—92°/25 mm., yield 83% (Found: C, 76-0; H,12-7. C,H,,O requires 
C, 76-0; H, 12-8%). 2-Propylpent-1-en-3-ol (from 2-prop-2-en-l-al and ethyl bromide), b. p. 
83—84°/25 mm., yield 78% (Found: C, 75-1; H, 12-3. C,H,,O requires C, 74-9; H, 12-6%). 
2-isoPropylpent-1-en-3-ol (from 2-isopropylprop-3-en-l-al and ethyl bromide), b. p. 75—76°/25 
mm., yield 73% (Found: C, 74-9; H, 12-4. C,H,, requires: C, 74-9; H, 12-6%). 2-tert.- 
Butylpent-1-en-3-ol (from 2-tert.-butylprop-2-en-l-al and ethyl bromide), b. p. 81—82°/25 mm., 
yield 71% (Found: C, 76-0; H, 12-5. C,H,,O requires C, 76-0; H, 12-8%). 4-Methyl-4- 
hexen-3-ol (from 2-methylbut-2-en-l-al and ethyl bromide), b. p. 66—67°/25 mm., yield 76% 
(Found: C, 73-5; H, 12-3. C,H,,0 requires C, 73-6; H, 12.4%). 4-Ethylhept-4-en-3-ol 
(from 2-methylpent-2-en-1l-al and ethyl bromide), b. p. 88—89°/25 mm., yield 75% (Found : 
C, 76-1; H, 12-8. C,H,,0 requires C, 76-0; H, 12-8%). 5-Ethylnon-5-en-4-ol (from 2- 
ethylhex-2-en-1l-al and propyl bromide), b. p. 110—111°/25 mm., yield 78% (Found: C, 77-8; 
H, 13-0. C,,H,.0 requires C, 77-6; H, 13-0%). 

The following were prepared by reduction of the corresponding unsaturated ketones by 
lithium aluminium hydride under the conditions previously described : 4-Methylpent-3-en-2-ol, 
b. p. 58—59°/25 mm., yield 88% (Found: C, 72-1; H, 12-1. C,H,,O requires C, 72-0; H, 
12-1%). 3: 4-Dimethylpent-3-en-2-ol, b. p. 65—66°/25 mm., yield 86% (Found: C, 73-6; 
H, 12-3. C,H,,O requires C, 73-6; H, 12-4%). 

Tertiary Unsaturated Alcohols—rThe following were prepared by condensation of the 
appropriate unsaturated ester with an alkylmagnesium bromide: 2-Methylbut-3-en-2-ol,”° 
b. p. 98—99°, yield 81% (Found: C, 69-7; H, 11-6. Calc. forC;H,,O: C, 69-7; H, 11-7%). 
3-Ethylpent-1l-en-3-ol, b. p. 124—125°, yield 71% (Found: C, 73-8; H, 12-1. Calc. for C,H,,0: 
C, 73-6; H, 12.4%). 2-Methylpent-3-en-2-ol,!* b. p. 112—113°, yield 79% (Found: C, 72-1; 
H, 11-9. Calc. for C,H,,0: C, 72-0; H, 12-1%). 2: 3-Dimethylbut-3-en-2-ol,!5 b. p. 117— 
118°, yield 76% (Found: C, 72-1; H, 12-2. Calc. forC,H,,0: C, 72-0; H, 12-1%). 2: 3-Di- 
ethylpent-1-en-3-ol, b. p. 41—42°/25 mm., yield 81% (Found: C, 76-0; H, 12-7. C,H,,0 
requires C, 76-0; H, 128%). 2: 3-Dimethylpent-3-en-2-ol,?' b. p. 40-—41°/25 mm., yield 75% 

16 Ogloblin, J. Gen. Chem. U.S.S.R., 1948, 18, 2153. 

17 Bouis, Ann. Chim. (France), 1928, 9, 407. 

18 Kyriakides, J. Amer. Chem, Soc., 1914, 36, 663, 994. 

19 Levene and Haller, 7. Biol. Chem., 1929, 88, 583. 


2° Claisen, J. prakt. Chem., 1922, 105, 78. 
*1 Colonge, Bull. Soc. chim. France, 1935, 2, 754. 
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(Found: C, 73-8; H, 12-3. Calc. for C,H,,0: C, 73-6; H, 12.4%). 2:3: 4-Tvimethylpent- 
3-en-2-ol, b. p. 56—57°/25 mm., yield 78% (Found: C, 75-0; H, 12-6. C,H,,O requires 
C, 74-9; H, 12-6%). 

Semicarbazones of Saturated Aldehydes.—The unsaturated aldehyde (20 g.) in 80% aqueous 
alcohol (75 c.c.) was hydrogenated at 40 lb./sq. in. in presence of palladium chloride (1% soln. ; 
20 c.c.) and gum arabic (2% soln.; 29 c.c.). The mixture was then poured into water and the 
aldehyde extracted with ether. The dried extract was evaporated and the residue heated for 
1 hr. on a steam-bath with Girard Pp reagent (10% soln. in alcohol; 1-5 equiv.). The mixture 
was poured on ice and exhaustively extracted with ether. The remaining aqueous solution 
was then acidified with sufficient hydrochloric acid to make it normal. The aldehyde was 
extracted with ether after storage overnight and the ether extract converted directly into the 
semicarbazone. 

The following semicarbazones were thus obtained : 


Found, % Calc., % 
Semicarbazone of M. p. Cc H Cc H 
CORED eccnsortstscsepseccosces 125—126° 46-6 8-6 46-5 8-6 
CHR RNE ED oc ccccescscccsssacess 104—105 50-4 9-2 50-4 9-1 
CHORD ccccccsscvnsecscvencs 100—101 53-4 9-6 53-5 9-6 
CREMP ECHO |. ccccsscsecrcrcscosses 110—111 53-6 9-5 53-5 9-6 
CCHEMCIISTCHO. ccccccccsesccccccsses 92—93 56-1 9-8 56-1 9-9 
CURR REE cnccccccccccnssoncces 118—119 56-0 9-8 56-1 9-9 
nn gi ne ee ee 98—99 53-6 9-5 53-5 9-6 
eg Hy re eeer eee 88—89 - 56-1 9-7 56-1 9-9 
POTEET cecccccccsscssvccccss 81—82 58-5 10-2 58-4 10-3 


* New compounds. The m. p. of the semicarbazones of the other aldehydes are in substantial 
agreement with those recorded in the literature. 


Semicarbazones of Saturated Ketones——The unsaturated secondary alcohol (20 g.) was 
hydrogenated in ethyl alcohol (100 c.¢.) at 40 Ib./sq. in. and room temperature, 1% of Pd-C 
catalyst being used. The mixture was poured into water, the secondary alcohol taken up in 
ether, and the solution dried and evaporated. The residue, in acetic acid (59 c.c.), was oxidised 
at 40° by chromium trioxide in acetic acid. The mixture was then diluted with water, the 
ether solution of the product heated with Girard Pp reagent as described above, and the ketones 
converted into semicarbazones. (See following Table.) 


Found, % Cale., % 
Semicarbazone of M. p. H Cc H 
CHMegCOmMe on... c.cccccccsccees 113—114° 50-3 9-2 50-4 9-1 
CEERCAPTE.  sccccesncgnsseessetas 92—93 53-5 9-5 53-5 9-6 
CEE AP ES © scccosescoccssssccess 118—119 56-0 9-9 56-1 9-9 
CEM eS COOPIIG, . ..cccccsccccccecccses 110—111 585 10-1 58-4 10-3 
CHMCEtCO°Me = .....csccccoccceese 95—96 53-4 9-6 53-5 9-6 
CHMCEtCOVEL ........ccccccccecees 107—108 56-0 9-8 56-1 9-9 
CHERRIES nice ecsccsncsseseccis 101—102 58-4 10-4 58-4 10-3 
CHEMISES COB onccccceccsccesess 89—90 60-4 10-6 60-3 10-6 
CEES  wccsccesecceosessiees 133—134 56-0 9-8 56-1 9-9 
Oe Sie nn TT 97—98 58-4 10-2 58-4 10-3 
SCHMSPICO-EE 2..5..0cccccvccees 108—109 58-3 10-3 58-4 10-3 
me ee ee 85—86 60-3 10-5 60-3 10-6 
pe 2 eS 99—100 60-4 10-6 60-3 10-6 
PCH COP avis scccescsscces 91—92 63-5 1}-1 63-4 11-0 


* New compound. 


a-Hydroxycarboxylic Esters.—Sodium pyrosulphite (380 g.; 2 moles) in water (500 c.c.) was 
added at 30—-40° during 15 min. to a vigorously stirred mixture of the appropriate ketone or 
aldehyde (3 moles), sodium cyanide (98%; 165 g., 3-2 moles), ice (400 g.), and water (50 c.c.). 
After being stirred for a further 15 min., the mixture was cooled to 0° and the cyanohydrin 
decanted off. From the residue, a further amount of cyanohydrin was obtained by adding 
100 c.c. of water. 

The crude cyanohydrin was dried (CaCl,), filtered, diluted with ethyl alcohol (250 c.c.), and 
saturated with hydrogen chloride at 0°. This solution was kept overnight, then poured on ice, 
and the hydroxy-ester extracted with ether. The yields and b. p.s of a-hydroxy-esters 
HO-CRR”CO,Et are given in Table 12. 
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Glycols HO*CRR”*CH,*OH.—The appropriate «-hydroxy-ester (100 g.), ethyl alcohol (100c.c.), 
and copper chromite (50 g.) were hydrogenated in a rocking stainless steel autoclave at 200° 
and 5000 Ib./sq. in. The reduction was generally complete in 1—3 hr. The product was 
removed with ethanol, and the solution filtered and distilled. The compounds thus obtained 
are shown in Table 13. 

Glycols HO-CR,-*CHR’”*OH.—The appropriate hydroxy-ester (0-3 mole) in dry ether (150 c.c.) 
was added to a stirred solution of the appropriate Grignard reagent [from magnesium (1 g.- 
atom) and the alkyl bromide (1 mole) in dry ether (500 c.c.)] kept at 0°. The mixture was 
stirred for 3 hr. at room temperature after the addition was completed, and then poured on 
ice and saturated ammonium chloride. The ether layer was separated and combined with 
those obtained by extracting the aqueous layer overnight with ether in a continuous extractor. 
Distillation of the dried solutions gave the required glycol. The results are summarised in 
Table 13. 

4-Methylpentane-2 : 3-diol._—This diol, b. p. 92—93°/25 mm. (Found: C, 61-2; H, 11-9. 
C,H,,0, requires C, 61-0; H, 11-9%), was prepared by adding a solution of 4-methylpent-2-ene 
in tert.-butyl alcohol (200 c.c.) to a 7% solution of hydrogen peroxide in ¢ert.-butyl alcohol 
cooled to 0°, followed by osmium tetroxide (0-5% solution in ¢fert.-butyl alcohol; 5c.c.). After 
3 days at 0° the mixture was distilled, giving 19 g. of diol. 

4-Methylpent-2-ene was obtained in 90% yield by reduction of 4-methylpent-2-yne (41 g.) 
by sodium (25 g.) in liquid ammonia (500 c.c.) and the subsequent addition of ammonium nitrate. 

Ethylhexane-1 : 2-diol, b. p. 116—117°/25 mm. (Found : C, 65-7; H, 12-6. C,H,,O0, requires 
C, 65-7; H, 12-4%), was obtained similarly from 2-ethylhex-l-ene in 40% yield. 

One of the authors (M. B. G.) thanks the Directors of May & Baker Ltd. for facilities. 

May & Baker Ltp., DAGENHAM, ESSEX. 


QUEEN Mary COLLEGE (UNIVERSITY OF LONDON), 
Lonpon, E.1. (Received, November 20th, 1956.] 


639. The Rearrangement of «8-Unsaturated Alcohols to Saturated Alde- 
hydes and Ketones. Part II.* The Course of the Rearrangement. 


By M. B. GREEN and W. J. HICKINBOTTOM. 





The rates of change of a number of a$-unsaturated alcohols into carbonyl 
compounds are compared with those of the corresponding 1 : 2-glycols, and 
a hypothesis to account for the observed results is developed. 


In order to follow the change of an unsaturated alcohol or a 1 : 2-diol into a carbonyl 
compound a rapid and reliable method of estimating aldehydes and ketones in dilute 
solution was necessary. Several methods were tested against isobutyraldehyde and 
methyl isopropyl ketone. 2: 4-Dinitrophenylhydrazine! or dimedone? did not give 
reproducible results. Modifications of Ripper’s bisulphite method* and of Romijn’s 
alkaline iodine method ‘ were also unsuitable. Accurate and reliable results were obtained 
with the silver oxide method® but it was time-consuming. Eventually a colorimetric 
method based on the use of Schiff’s reagent was adopted for the estimation of aldehydes. 
For ketones, Mitchell and Smith’s hydroxylamine method ® proved satisfactory provided 
that comparison was made with reference samples. 

The rates of change of 2-methylprop-2-en-l-ol and of 2-methylpropane-1 : 2-diol into 
isobutyraldehyde in presence of sulphuric acid were determined in water—dioxan (3 : 1 v/v), 
at 90° + 0-1°. The observed values of &, the first-order rate constant, are shown in Table 1. 
The rearrangements of unsaturated alcohol and the glycol are obviously both first-order 
* Part I, preceding paper. 

1 Iddles et al., Ind. Eng. Chem. Anal., 1939, 11, 102. 

? Yoe and Reid, ibid., 1941, 18, 238. 

; Goldman and Yagoda, ibid., 1943, 15, 377; Ripper, Monatsh., 1900, 21, 1039. 
. 


Romijn, Z. analyt. Chem., 1897, 36, 18; Siggia and Maxcy, Analyt. Chem., 1947, 19, 1023. 
Mitchell and Smith, ibid., 1950, 22, 746. * Idem, ibid., p. 752. 
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reactions, although the rate constant decreases after about 80% conversion, presumably 
owing to intervention of side-reactions. Table 2 shows that the rate constants are inde- 
pendent of the initial concentration of the alcohol or glycol over the range 0-02—0:15 
mole/]. At higher concentrations, where the compound formed an appreciable part of 
the reaction mixture, there was a significant decrease. 

The rate constants in various strengths of sulphuric acid for 0-05 mole/l. solutions of 
2-methylprop-2-en-l-ol, 2-methylpropane-1 : 2-diol, 3-methylbut-3-en-2-ol, and 2-methyl- 
butane-2 : 3-diol are shown in Table 3. The rate constants are proportional to Hammett’s 
acidity function (Figs. 1 and 2). 


Fic. 1. Fic. 2. 
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Relation of rate constant and Hammeitt’s acidity function for (Fic. 1) 2-methylprop-2-en-1-ol and 
(Fic. 2) 2-methylpropane-1 : 2-diol {both 0-05 mole/l.) under the standard conditions. 


A, log 10k — Hy. B, log 10*k — log 10*C,. 


The rate constants for the series of unsaturated alcohols CH,:CR-CH,°OH and the 
corresponding glycols CH,*CR(OH)-*CH,°OH are shown in Table 4 and for the alcohols 
CH,-CMe-CHMe-OH, CH,:CMe-CHEt-OH, and CHEt?CMe-CHEt-OH in Table 5. 


TABLE 1. Values 10*k (min.-') for changes with 2% w/v sulphuric acid in dioxan-—water 
(1:3 v/v) at 90° + O-1°. 


BARD PE), crcscsinaceveresesnes l 2 3 + 6 8 10 Mean * 

CH,-CMe-CH,-OH 

Concn., 0-0587 mole/l. ...... 37-6 36-3 41-7 37-4 39-8 34-2 31-6 38-6 

inno, ro 35-1 37°8 35-5 40-1 36-2 33-8 30-5 36-9 

we COTES ss th sene 40-7 37-6 41-2 37-9 38-6 32-1 32-0 39-2 
HO-CMe,°CH,-OH 

Concn., 0-0561 mole/l. ...... 41-6 43-8 39-2 42-8 40-3 35-6 31-8 41-6 

wh i)... 44-8 42-2 41-3 39-1 43-7 32-3 33-1 42-2 

- 0-0752 “ 38-8 40-4 42-1 39-6 40-2 34-1 30-1 40-1 


* Only the first five results were used in calculating the mean. 


TABLE 2, Effect of initial concentration on 10*k (min.-) with 2% w/v sulphuric acid in 
dioxan—water (1 : 3 v/v) at 90° + 0-1°. 
Conen. (mole/l.) | CH,:CMe-CH,-OH HO-CMe,CH,-OH CH,!CMe-CHMe-OH HO-CMe,-CHMe-OH 


0-020 38-4 40-6 18-6 21-3 
0-050 39-6 42-2 19-1 20-6 
0-075 37-1 40-1 17-8 21-1 
0-10 38-8 39-6 18-3 22-4 
0-15 36-8 41-8 19-2 20-8 
0-20 34-6 38-0 16-8 18-3 
0-30 32-1 36-5 15-4 18-8 

Mean * 38-2 40-8 18-6 21-2 


* Only the first five results were used to determine the mean. 
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TABLE 3. Effect of sulphuric acid concentration on 10*k (min.-') in dioxan—water (1 : 3 v/v) 
at 90° +.0-1°. The initial concentration of alcohol or glycol at 0-05 mole/l. 
H,SO, (% w/v) CH,!CMe-CH,-OH HO-CMe,-CH,-OH * CH,:CMe-CHMe-OH HO-CMe,-CHMe-OH + 


=) ) 


0-; 9-30 10-0 4-45 5-45 
1-0 19-9 21-1 9-70 10-2 
2-0 38-2 40-8 18-6 21-2 
5-0 132 132 63-1 72-5 
10- 417 392 198 229 


* Harvey, Riggs, and Stimson (J., 1955, 3267) found 10k = 90 in 1-2% w/v acid at 97°. 
+ Suter and Zook (/. Amer. Chem. Soc., 1944, 66, 738) found 1042 = 1-2 in 0-5% w/w acid at 80°. 


TABLE 4. Values of 10k for a series of unsaturated alcohols and the corresponding glycols, 
under standard conditions. 


R H Me Et Pr Pri Bu But 
Re Oe: ere ca. 0-02 38-2 30-4 23-6 23-6 29-4 16-4 
HO-CMeR-CH,-OH ......... ca. 0-02 40-8 34-1 30-6 27-4 31-9 19-9 


TABLE 5. Values of 10*k for some alcohols (0-05 mole/l.) with 10% w/v sulphuric acid in 
dioxan-water (3:1 v/v) at 90° + 0-1°. 
CH,:CMe-CH,-OH, 417; CH,:-CMe-CHMe:OH, 198; 
CH,-CMe-CHEt-OH, 185; CHEt:CMe-CHEt-OH, 1-82 


EXPERIMENTAL 


Estimation of Aldehydes.—A solution of the appropriate pure aldehyde in water—dioxan 
containing sulphuric acid was diluted to give reference samples containing 100, 75, 50, and 25% 
of the calculated amount of reaction product. The 100% sample was treated with a standard 
amount of Schiff’s reagent, kept at 25° until the colour was well-developed and then examined 
in a Unicam photoelectric spectrophotometer to determine the wavelength of maximum 
absorption and the most suitable dilution. The reference samples and the samples from a 
reaction run were then diluted with water, treated with Schiff’s reagent, and stored at 25° for 
a fixed period, and absorption at the selected wavelength measured. The method was indepen- 
dent of daily variation of conditions since each set of products was always compared with its 
own set of reference samples. 

Determination of Reaction Rates —A weighed sample of the unsaturated alcohol or glycol 
was added to the requisite amount of dioxan—water (1 : 3 v/v) containing sulphuric acid in a 
flask with a capillary tap run-off heated at 90° + 1°. The contents of the flask were quickly 
shaken and, at intervals, the flask was quickly removed from the bath and a small sample taken 
and cooled rapidly to 0°. A measured sample was then pipetted out and diluted, and the 
content of aldehyde or ketone determined. 

In each run five values of & were determined in the time range corresponding to 20—75% 
of rearrangement. The agreement between the values of & in a single run appeared to be 
about +10%; the error in the mean value of & was probably not more than +5%. 


DISCUSSION 


A comparison of the rates of formation of carbonyl compounds from «$-unsaturated 
alcohols and from the corresponding glycols shows that both groups are influenced in the 
same way by alkyl substituents (Tables 4 and 5). Allyl alcohol and propane-l : 2-diol 
yield propionaldehyde very slowly; the introduction of an alkyl group into the 8-position 
enormously facilitates prototropic change whereas the presence of alkyi groups in other 
positions hinders it. 

The close resemblance between the unsaturated alcohols and the corresponding glycols 
in behaviour towards dilute acid cannot be accidental and strongly suggests that there 
is some intermediate common to both sets of changes. If the commonly accepted view of 
the course of the conversion of 1 : 2-glycols into carbonyl compounds is assumed, the 
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prototropic change of «f-unsaturated alcohols and the change of 1: 2-glycols can be 
formally represented as shown. 


CH,:CR-CH,°OH 


CH,-CR-CH,-OH —— CH,CR:CH-OH [> CH,CHR-CHO 


nen 
os 
CH,-CR(OH)-CH,OH H,0+ 


If this is true, a major feature determining the facility of prototropic change is the 
basic character of the y-carbon atom since attachment of a proton to this atom is a necessary 
condition for validity of the hypothesis of a common intermediate. There can be no 
doubt that the unsaturated alcohol has a basic function since the observed rate constants 
are proportional to Hammett’s acidity function which as a measure of the tendency of a 
reaction medium to donate a proton to a neutral base. 

On this basis, the effect of an alkyl group on the @-carbon atom in promoting proto- 
tropic change is explicable, as also is the retarding influence of an alkyl group on the 
y-carbon atom. An alkyl group on the «-carbon atom would also be expected to retard 
prototropic change by increasing the basicity of the hydroxyl group at the expense of the 
y-carbon atom. 

Any hypothesis of prototropic change must also permit a satisfactory explanation of 
oxotropy and dehydration both of which are proton catalysed and, as shown in this work, 
may occur simultaneously under the same conditions. It is clear from the work 
of Braude et al.” that the facility of oxotropic change is influenced to a considerable extent 
by structural effects. In the system RCH°:CR’*CHR”-OH the change is favoured when 
R = alkyl and suppressed if R’ = alkyl; that is, the structural effects which favour 
prototropic change are those which retard oxotropy and conversely. 

The initiating phase of the transfer of the hydroxyl group from C,q) to C;,) is the addition 
of a proton to the hydroxyl group. Oxotropic change may, therefore, be represented : 


H+ H+ 
>CCC-OH SP SCCC-OH,t SP tHOCCCS SS HOC CCK 


The relative basicities of the hydroxyl group and the y-carbon atom are the criteria 
which determine whether prototropy or oxotropy is the main reaction and control the 
composition of the final product. It is also clear that the factor which determines 
whether or not prototropy can occur is the presence of structural features which provide 
a reaction path of sufficiently low energy. The nature of this effect can be deduced from 
the variation of the rate of change with the nature of the alkyl group on the $-carbon 
atom (Table 4). The activating influence falls off in the order Me > Et > Pri > But 
which is quantitatively the same as the order of contribution of these groups in hyper- 
conjugation.* The ratio of the effect Me: Et : Pri: But = 1-0: 0-8 : 0-62 : 0-43 is similar 
to that observed by Hughes and Ingold ® in the hydrolysis of substituted diphenylmethyl 
chlorides, namely Me : Et : Pri: But = 1-0 : 0-75 : 0-56 : 0-43. 

It is, therefore, clear that whereas alkyl groups attached to the a- and the y-carbon 
atom exert merely their normal inductive effect on the polarisation of the molecule, alkyl 
groups on the $-carbon atom exert a dynamic time-variable effect on the polarisability 
of the molecule. For this reason, the effect of an alkyl group on the -carbon atom is to 
increase the rate of prototropic change by a factor of about 2000, whereas alkyl groups on 
the a- and the y-carbon atom decrease the rate by a factor of 2—100. 


7 Braude and Jones, J., 1946, 122; Braude and Timmons, J., 1950, 2000. 
*® See Crawford, Quart. Rev., 1949, 3, 226. 
® Hughes and Ingold, J., 1940, 949. 
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This substantial effect of an alkyl group on the $-carbon atom in facilitating acid- 
catalysed prototropic change in a three-carbon system has been observed previously ; 


Linstead, Kon, and their co-workers }° found that the compounds >c=t-CHX-, where 
X = CO,H, COR, or CO,Et, undergo acid-catalysed prototropic change only if the 6- 
carbon atom carries an alkyl group. 

In the unsaturated alcohols CH,-CR°CH,°OH oxotropic change could occur without 
being detected, but observations on the secondary alcohols CH,:;CR-*CHR’-OH make this 
improbable. The product from these alcohols is almost exclusively the ketone (90%), 
and an aldehyde, which would result from oxotropic change followed by prototropy, is 
present only in small amount. With the alcohols RCH:CR’-CH,°OH concurrent oxotropy 
and prototropy is more evident (Part I, Table 4). A possible explanation of simultaneous 
oxotropy and prototropy is that the capacity of the y-carbon atom to accept a proton is 
reduced by the presence of the alkyl substituent and consequent competition with the 
8-carbon atom. Such alcohols in acid solution can then give rise to two species (A) and (B 
in equilibrium and both present in appreciable amounts. 


Me-CH,°CMe-CH,OH (A) —3 Me-CH,-CHMe-CHO 
MeCH:CMe-CH,-OH —> 
Me-CH:CHMe-CH,"OH (8) ——> Me:CH(OH)-CMe:CH, —+» Me-CO-CHMe-CH, 


This view is reinforced by the observation that alcohols having two C;,) methyl groups 
do not undergo prototropic change. Instead they are dehydrated to dienes. It would 
seem as if oxotropic change occurred: 


Me,C:CMe-CH,-OH ——* Me,CH:CMe:CH-OH =—> Me,C(OH)-CMe:CH, —— CH,:CMe-CMe:CH, 
+ <<. 


As well as similarity between the prototropic changes of «$-unsaturated alcohols and 
the rearrangement of 1:2-glycols, there are some differences. In particular, the 
«8-unsaturated alcohols CH,:CH-CR,,OH and CMe,:CMe-CH,,-OH are dehydrated 
under the conditions used. The corresponding glycols CH,*CH(OH)-CR,-OH and 
CHMe,*CMe(OH)-CH,°OH however are rearranged smoothly to the corresponding carbonyl 
compounds. These exceptions are simply explained on our hypothesis : these unsaturated 
alcohols have as their most basic point the hydroxyl group, and consequently the carbonium 
ion is not formed to any extent. Instead oxotropic change and dehydration is the 
predominant reaction. 

Less striking differences are the formation of small amounts of aldehyde from 
Me,C(OH)-CHMe-OH and EtCMe(OH)-CHEt-OH together with the ketone: the corre- 
sponding unsaturated alcohols give only the ketone and mo aldehyde. An obvious 
explanation is that, in the glycol, both hydroxyl groups are liable to be split out to give 
the intermediate carbonium ion, with the result that two carbonium species are inter- 
mediates in the reaction. The relative proportion of each will obviously depend on the 
basicity of each hydroxyl group. 

May & BAKER Ltp., DAGENHAM, ESSEX. 


QUEEN Mary COLLEGE (UNIVERSITY OF LonpDoN), 
Lonpon, E.1. [Received, November 20th, 1956.] 


10 J., 1925, 616; 1926, 2748; 1928, 1630; 1931, 248; 1934, 623. 
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640. The Preparation of Some Alkyl-substituted Benzoic Acids. 
Part II.* 


By MALcoLM CRAWFORD and J. H. MAGILL. 


The preparation of 2-tert.-butyl-4 : 6-dimethylbenzoic acid, 2-tert.-butyl- 
4:5: 6-trimethy ag se acid, various 3-alkyl-2 : 4: 6-trimethylbenzoic acids, 
and 4-alkyl-2 : 3: 5 : 6-tetramethylbenzoic acids is described. 


In a study of steric hindrance, benzoic acids heavily substituted by alkyl groups were 
required in addition to those described in Part I.4 It was found that methyl groups could 
be conveniently introduced into the benzene ring by chloromethylation of a hydrocarbon 
and subsequent reduction. For other primary alkyl groups the Friedel-Crafts reaction 
followed by reduction of the resulting ketones by hydrogen under pressure proved useful. 
For subsequent introduction of the carboxyl group between alkyl groups the method 
used exclusively, because it is little affected sterically, was bromination followed by carbon- 
ation of the Grignard derivative. To ensure bromination in the correct position other 
vacant positions, if not equivalent, were blocked. 


Route A (R = Me or Et) 


Or > he ~ K+ E+ EE 


CH,R 

(I) (IT) ; (117) (IV) (V) 
Alkyldurenecarboxylic acids (V) were obtained in good yield from durene (I) by route A. 
With (II; R = Et) partial hydrogenation of the ring to a cyclohexene took place to a 
slight extent. Pentamethylbenzoic acid (Vv; R = H) cannot be so prepared but a very 
convenient method is route B from the bischloromethylmesitylene (VI). This represents 
an improved synthesis of pentamethylbenzene (VII) over the usual method from xylenes ? 
as there can be no contamination with hexamethylbenzene common in commercial samples 

since mesitylene cannot readily be trichloromethylated. 


Route B 
"4 
Me Me 
CICH, cH,Cl 
Me 


(VI) (VIT) (VIII) (IN) 


Alkylmesitoic acids (XIII) were prepared from acylmesitylenes (X) by route C, which 
is better than the Grignard method described in Part I. 
Route C (R = Me or Et) 


CO;H 


Ce TE "OL. “Cx, 


(X) (XI) (XII) (X11) 
In acids (V), (IX), and (XIII) the carboxyl group is flanked by methyl groups. To 
obtain still more hindered acids with a carboxyl group between a methyl and a /ert.-butyl 


1 Crawford and Stewart, J., 1952, 4443, to be considered as Part I. 
2 Von Braun and Nelles, Ber., 1934, 67, 1096. 








3276 Crawford and Magill: The Preparation of Some 


group 1-éert.-butyl-3 : 5-dimethylbenzene (XIV) was used as starting material. A blocking 
group at Cy) is essential. In the very satisfactory route D1, already explored as far as 
(XVI),° methyl was used as a blocking group but it cannot be removed subsequently. It 
was introduced by chloromethylation and reduction. 


Route D1 
CO,H 
ios cok J "6 r - rad 
(XIV) (XV) (XVI) (XVI) (XVII) 
Br CcO,H 
Me Bu‘ Me Bu‘ 
HO Me NO, 
(XIV) (XXV) Me Me (XIX) 
Br Br Br Pn 
Me Bu Me But Me Bu‘ Me Bu‘ 
— —— aa —> 
O,N O,N HN 
Me Me Me Me 
(XX) (XXI]) (XXI1) (XXIID (XXIV) 
Route D2 


Nitration of acid (XVIII) gave a nitro-acid (XIX) which is particularly crowded and 
contains a ¢ert.-butyl group flanked by a nitro- and a carboxyl group. In the few such 
compounds known containing a doubly flanked éert.-butyl group the flanking groups are 
both usually nitro, which is sterically very small when at right angles to the ring.** 

The attempt (route D2), already known as far as (X XI), to use a removable blocking 
group in the form of nitro- (XX) was not very successful. The difficulty lay in the 
reduction of the diazotised amine (XXII). A phenolic by-product (XXV) was obtained 
but the desired bromo-compound (XXIII) was difficult to yee. Hence the final acid 
(XXIV) was obtained only in small yield. 


EXPERIMENTAL 

Ethyldurene.—Acetyldurene (25 g.), copper chromite (7 g.), and methanol (100 ml.) were 
treated with hydrogen at an initial pressure of 150 atm. and the temperature raised to 250°. 
The pressure was then 240 atm. where it was maintained with agitation for 16 hr. The cooled 
mixture was poured into water, giving ethyldurene as plates (22-2 g., 96%), m. p. 54° (from 
ethanol) (Found: C, 88-6; H, 11-1. C,,H,, requires C, 88-8; H, 11-2%). 

Bromoethyldurene.—Ethyldurene (25 g.) in ice-cooled acetic acid (200 ml.) was treated 
gradually with bromine (26 g.) and a trace of iodine in acetic acid (50 ml.). The product was 
poured into dilute sodium hydrogen sulphite solution to precipitate bromoethyldurene (33 g., 87%), 
plates (from ethanol), m. p. 80° (Found : C, 59-6; H, 7-2; Br, 33-2. C,,H,,Br requires C, 59-8; 
H, 7-1; Br, 33-1%). 

Ethyldurenecarboxylic Acid—The foregoing bromo-compound (33 g.) dissolved in ether- 
benzene was converted into the Grignard compound which was poured on solid carbon dioxide. 
The acid (15 g., 57%) was crystallised from light petroleum (b. p. 100—120°), giving needles, 
m. p. 202—203° (Found : C, 75-7; H, 8-8. C,,;H,,O, requires C, 75-7; H, 8-8%). The sodium 
salt is only very slightly soluble in water but the potassium salt readily soluble. 

* Carpenter, Easter, and Wood, J. Org. Chem., 1951, 16, 603. 

* Crawford and Stewart, Nature, 1952, 170, 322. 

* Bell and Buck, /., 1956, 1890; Bell, J., 1956, 3243. 

* Carpenter and Easter, ]. Org. Chem., 1954, 19, 77. 
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Propyldurene.—Propionyldurene (15 g.) was hydrogenated at 220 atm., and the product 
poured into water. The mixture was extracted with benzene and the extract dried and 
fractionated. Propyldurene, b. p. 120—125°/30 mm., solidified and was crystallised from light 
petroleum (b. p. 80—100°) or aqueous methanol. It formed plates, m. p. 49—50° (9-2 g., 49%) 
(Found: C, 88-5; H, 11-4. C,,H,. requires C, 88-5; H, 11-4%). A second fraction, b. p. 
135—140°/30 mm., b. p. 230°/760 mm. (5-5 g.), was a 1:2: 4: 5-tetramethyl-3-propylcyclo- 
hexene (Found: C, 86-6; H, 13-2. C,;H,, requires C, 86-6; H, 13-4%). With bromine water 
it gave a white solid. 

Bromopropyldurene.—Bromination of propyldurene (10 g.) gave the bromo-compound (12 g., 
84%), flat crystals (from acetic acid), m. p. 52—53° (Found: C, 60-6; H, 7-5; Br, 31-8. 
C,,H,,Br requires C, 61-2; H, 7-5; Br, 31-3%). 

Propyldurenecarboxylic Acid.—Carbonation of the Grignard reagent from the bromo- 
compound (5-5 g.) gave the acid (2-6 g., 54%), prisms (from aqueous methanol), m. p. 188—189° 
(Found: C, 76-3; H, 9-3. C,H, 9O, requires C, 76-3; H, 9-2%). The sodium salt is very 
sparingly soluble in water. 

Pentamethylbenzene.—Mesitylene (30 g.) was chloromethylated for 7 hr. at 70° with para- 
formaldehyde (15 g.) and concentrated hydrochloric acid (50 ml.), thus giving 2: 4: 6-tri- 
methyl-m-xylylene dichloride (39 g., 70%), m. p. 106°, of which 35 g. in benzene (100 ml.) were 
stirred with zinc dust (35 g.) and 2N-sodium hydroxide (250 ml.) for 84 hr. The benzene layer 
combined with benzene extracts of the aqueous layer was washed, dried, and distilled. The 
fraction of b. p. 210—230° solidified giving pentamethylbenzene (20 g., 85%), m. p. 52—53°. 

Ethylmesitylene.—Acetylmesitylene (60 g.) in methanol (100 ml.) was hydrogenated at 
240 atm. and 240° for 15 hr. in presence of copper chromite (6 g.). Ethylmesitylene (51 g., 
92%), b. p. 90—93°/17 mm., was obtained. Clemmensen reduction took 165 hr. and gave a 
70% yield. 

Nitropropylmesitylene.—Nitration of propylmesitylene, m. p. 35—36°, prepared similarly 
to ethylmesitylene in 85% yield gave the nitro-compound (59% yield) as pale yellow needles 
(from methanol), m. p. 31° (Found: C, 69-6; H, 8-3; N, 6-7. C,,;H,,O,N requires C, 69-5; H, 
8-3; N, 6-8%). 

Bromopropylmesitylene.—Bromination of propylmesitylene (26 g.) gave two products which 
were separated by distillation at ca. 15 mm.: (a) bromopropylmesiiylene (25 g.), b. p. 
140°/14 mm. (Found: C, 59-8; H, 7-3; Br, 33-4. C,,H,,Br requires C, 59-8; H, 7-1; Br, 
33-1%); and (b) dibromopropylmesitylene (3 g.), m. p. 57°, needles (from ethanol) (Found: C, 
45-2; H, 5-1; Br, 49-6. C,,H,,Br, requires C, 45-0; H, 5-0; Br, 49-9%). 

2:4: 6-Trimethyl-3-propylbenzoic Acid.—The Grignard reagent from the foregoing mono- 
bromo-compound (6 g.) was carbonated to give the acid (2-65 g., 52%), prisms from light 
petroleum (b. p. 80—100°), m. p. 115° (Found: C, 75-6; H, 8-9. C,,H,,O, requires C, 75-7; 
H, 8-8%). 

1-Bromo-6-tert.-butyl-2 : 3 : 4-trimethylbenzene.—1-tert.-Butyl-3 : 4: 5-trimethylbenzene (50 
g.) was brominated for 6 hr. at 50° in acetic acid. The bromo-compound separated on pouring of 
the mixture into water, forming flat needles (65 g., 90%) (from aqueous methanol), m. p. 51— 
52° (Found: C, 60-8; H, 7-4; Br, 31-5. C,,;H,,Br requires C, 61-2; H, 7-5; Br, 31-3%). 

6-tert.-Butyl-2 : 3: 4-tvimethylbenzoic Acid.—The Grignard reagent from the foregoing 
bromo-compound (25-5 g.), which needed much benzene to keep it in solution, was carbonated 
with carbon dioxide. The acid (7 g.) crystallised as flat needles, m. p. 139—140°, from light 
petroleum (b. p. 80—100°) (Found: C, 76-0; H, 9-1. C,,H,,O, requires C, 76-3; H, 9-2%). 

6-tert.-Butyl-2 : 3 : 4-trimethyl-5-nitrobenzoic Acid.—Nitration of the foregoing acid (3 g.) 
with fuming nitric acid in acetic anhydride below 20° gave the nitro-acid (1-5 g.), yellow needles, 
m. p. 201—203° [from light petroleum (b. p. 80—100°)] (Found: C, 63-5; H, 7-5; N, 5-4. 
C,,H,,0,N requires C, 63-4; H, 7-2; N, 5-3%). 

3-Bromo-4-tert.-butyl-2 : 6-dimethylaniline —1-Bromo-6-tert.-butyl-2 : 4-dimethyl-3 - nitro- 
benzene (100 g.), prepared according to Carpenter, Easter, and Wood ? in 50% ethanol (100 ml.), 
was reduced with iron (60 g.) and aqueous ethanolic hydrochloric acid. The product had b. p. 
110—112°/1 mm., and was converted into the hydrochloride (71 g.), m. p. 210° (Found : C, 49-6; 
H, 6-7. C,,H,,NBr,HCl requires C, 49-3; H, 6-5%). 

2-tert.-Butyl-4 : 6-dimethylbenzoic Acid.—The foregoing amine (44 g.) in ethanol (170 ml.) 
and 40% sulphuric acid (76 g.) was heated under reflux with sodium nitrite (21 g.). After 
1} hr. the mixture was cooled and extracted with benzene, and this extract in turn washed with 
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sodium hydroxide solution, dried, and distilled. The dark red fraction (25 g.), b. p. 110— 
114°/0-8 mm., dissolved in light petroleum, was chromatographed on alumina. One fraction 
was redistilled, b. p. 149—152/13 mm., to a pale brown viscous oil of rather low bromine content. 
As a means of further purification could not be found, it (4 g.) was converted into the Grignard 
reagent and carbonated, giving the acid (1 g.), which formed a hemihydrate as needles, m. p. 
153—154°, from aqueous acetic acid (Found: C, 72:6; H, 8-9. C,3H,,0,,4H,O requires C, 
72-5; H, 8-9%). 

3-Bromo-4-tert.-butyl-2 : 6-dimethylphenol—From the sodium hydroxide extract and some 
of the chromatographic fractions in the foregoing preparation this phenol (5-5 g.) was obtained ; 
it formed needles, m. p. 49—52° (Found: C, 56-7; H, 6-8. C,,.H,;OBr requires C, 56-1; 
H, 6-7%). 

COLLEGE OF TECHNOLOGY, BELFAST. [Received, December 27th, 1956.] 
(Present address : M. C.) MAKERERE COLLEGE, KAMPALA, UGANDA. 


641. Colchicine and Related Compounds. Part XVI.*  Periodate 
Oxidation of Colchiceine. 
By K. AuMApD, G. L. BUCHANAN, and J. W. Cook. 


The periodate oxidation of colchiceine yields a product which is shown to 
contain af$-unsaturated acid and y-lactone groupings. Two, alternative 
structures are proposed (II and III). 


TueE chemistry of colchicine provides two instances in which the tropolone ring undergoes 
controlled oxidation, without loss of carbon.'\2 These reactions are unique in tropolone 
chemistry, and since both yield products of unknown structure, they merit further 
attention. The first affords a ketonic product, which is now being studied; the second 
yields an acid which is the subject of the present communication. 

Meyer and Reichstein observed ? that colchiceine (I) is oxidised by periodic acid to a 
product C,,H,,0,N which titrated as a monocarboxylic acid, and afforded a monomethyl 
ester, but failed to show carbonyl reactivity. 

As no carbon has been lost in the oxidation, the three methoxyl groups and the acetyl 
group are intact, and so the functions of all but two of the oxygen atoms are defined. We 
have re-examined Meyer and Reichstein’s acid, and find that although it reacts with 
only one equivalent of cold alkali, it consumes two equivalents of hot alkali, and the 
original monocarboxylic acid is regenerated when the hot alkaline solution is acidified. 
This eliminates the possibility that the second equivalent of alkali was employed in amide 


MeO 
NHAc 
MeO — atime 


MeO Y 
| » Ow 
/ co 
Co OH CO;H 
(I) wo 
° (IT) (III) 


hydrolysis, and suggests the presence of a y-lactone ring. Microhydrogenation and 
titration with perbenzoic acid indicate two double bonds. These facts can best be 
reconciled with the two structures (II) or (III); no choice can be made here between them, 
and they are equally supported also by the following evidence. 

Meyer and Reichstein’s acid fails to give a Legal reaction,? which is consistent with its 


* Part XV, /., 1957, 2334. 

1 Zeisel and Friedrich, Monatsh., 1913, 34, 1181. 

* Meyer and Reichstein, Pharm. Acta Helv., 1944, 19, 127. 

3 Jacobs, Hoffmann, and Gustus, J. Biol. Chem., 1926, 70, 1. 
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formulation as an «f-unsaturated y-lactone. Although its infrared spectrum shows only 
a thick, inflected band (1776—1697 cm.) in the carbonyl region, its methyl ester has sharp 
bands at 1747 and 1710 cm.! assignable to «$-unsaturated y-lactone and «$-unsaturated 
ester functions respectively. Reduction of the acid or ester was unusually difficult, and 
was possible on a preparative scale only by the use of Raney nickel alloy in alkali The 
reduced acid, which showed no unsaturation, had infrared absorption bands at 1780 
(y-lactone) and 1710 cm.-! (saturated acid) and afforded a methyl ester with infrared 
absorption at 1778 (y-lactone) and 1743 cm.-! (saturated 
ester). The ultraviolet absorption spectrum (see Figure) 





indicates the absence of the tropolone chromophore ® and #5 
when compared with a collection of relevant spectra ® is 
compatible with the structure of an unconjugated 4-0} 


trimethoxybenzene derivative as in (II) or (III). 
Oxidation of tropolone under identical conditions 











yielded a gum, separable by sodium hydrogen carbonate “ 75f 
solution into iodoform and an acidic fraction, which é 
could not be further purified. The iodoform may well sof 
arise from the action of the iodine and alkali on tropolone, 
this reaction being already established.” 
2s 
EXPERIMENTAL ‘ 

Meyer and Reichstein’s acid,? m. p. 230° (decomp.) (from 250 300 
ethanol), had infrared max. at 3250, 1727, 1655, 1598 cm."1, 
and its methyl ester, m. p. 93—94° (from methanol), at Wavelength (m) 
1743, 1709, 1643, 1595 cm.*. ’ + Ultraviolet absorption spectrum of 

The acid (6-4 mg.) (M, 417) in a little ethanol and 0-1n- Meyer and Reichstein’s acid in 
sodium hydroxide (1 ml.) was neutralised to phenolphthalein ethanol. 


by 0-1n-sulphuric acid (0-82 ml.), 7.e., 0-18 ml. was consumed 

(Calc. for 1CO,H, 0-154 ml.). The acid (6 mg.) in a little ethanol and 0-1N-sodium hydroxide 
(0-5 ml.) was heated at 100° for 45 min. and was neutralised by 0-1N-sulphuric acid (0-2 ml.), 
i.e., 0-3 ml. was consumed (Calc. for 2CO,H, 0-29 ml.). In the latter experiment, excess of 
mineral acid was added, and the ethanol was removed in vacuo, leaving a product, m. p. 220° 
(decomp.) (from ethanol), which did not depress the m. p. of Meyer and Reichstein’s acid. 
A blank titration showed that the ethanol consumed no alkali. 

On hydrogenation with platinum in acetic acid, the acid (3-89 mg.) absorbed 0-43 ml. (N.T.P.) 
of hydrogen in 15 min. and without a break (Calc. for 2: 0-418 ml.). In 70 hr. at 0° the acid 
(18-5 mg.) consumed 13-1 ml. of 0-0065mM-perbenzoic acid (Calc. for 2°: 13-6 ml.). 

Meyer and Reichstein’s acid (34 mg.) in 10% aqueous sodium hydroxide (2 ml.) was kept at 
100° whilst Raney nickel (0-2 g.) was added in portions, and agitated by a gentle stream of 
nitrogen. After 1 hr. at 100°, the mixture was filtered into cooled concentrated hydrochloric 
acid (1 ml.). The product was thrice extracted with ether and, crystallised from methanol, had 
m. p. 256° (Found : C, 59-9; H, 5-7; N, 3-5. C,,H,,O,N requires C, 59-9; H, 6-4; N, 3-3%), 
Vmax. 1780, 1707, 1597 cm.-'. Microhydrogenation as above did not then occur. 

The nickel-reduced acid (60 mg.) in dry methanol (10 ml.) was treated at 0° with anhydrous 
hydrogen chloride for 3 hr., then left overnight at room temperature. After the methanol had 
been removed in vacuo, the methyl ester was extracted with chloroform. It had m. p. 174° 
(from methanol) (Found: C, 60-8; H, 6-2. C,,H,,O,N requires C, 60-7; H, 6-7%), vmax. 1776, 
1740, 1643, 1592 cm."". 

Oxidation of Tropolone.—Tropolone (0-33 g.) in dioxan (10 ml.) was treated with periodic 
acid (1-3 g.) in water (4 ml.) and left at room temperature for 4 days. The solvents 
were removed in vacuo and the residual gum was separated by sodium hydrogen carbonate 
solution into acidic and neutral fractions. The neutral product crystallised from dilute 


* Schwenk, Papa, Whitman, and Ginsberg, J. Org. Chem., 1944, 9, 175. 
5 Cf. Cook and Loudon, Quart. Rev., 1951, 5, 99. 

* Buchanan and Sutherland, unpublished results. 

7 Cook, Gibb, and Raphael, J., 1951, 2244. 
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methanol in yellow needles, m. p. 123°, undepressed on admixture with iodoform. The acidic 
fraction could not be purified. 


One of us (K. A.) is grateful to the University of Dacca for leave of absence. Microanalyses 
were by Mr. J. M. L. Cameron and his staff. The ultraviolet spectrum was measured on a 
Unicam S.P. 500 Spectrophotometer, and the infrared spectra on a Perkin-Elmer Model 13 
double-beam instrument. 


THE UNIVERSITY, GLascow, W.2. 
[Present address (K. A.): BioCHEMISTRY DEPARTMENT, 
UNIVERSITY OF Dacca, East PAKISTAN.] {Received, March 18th, 1957.] 





642. Actinomycin. Part V.* The Structure of Actinomycin D. 
By E. Buttock and A. W. JoHNson. 


The structure of actinomycin D is shown to be identical with that 
proposed by Brockmann éé al.1 for actinomycin C, except that the alloiso- 
leucine components of the peptides are replaced by valine in actinomycin D. 
A method is described for the separation of the two peptide groups of 
actinomycin. 


ALTHOUGH many of the actinomycin-producing strains of Streptomyces which have been 
studied yield a mixture of actinomycins, Manaker, Gregory, Vining, and Waksman* 
recently described a culture which gives essentially a single actinomycin, referred to as 
actinomycin D.+* The chemical structure of one component, actinomycin C, (I), of the 


HMe, HMe, 
——OC-CH H-CO 


| 
NMe i 


Sarcosine Sarcosine 


| 
12) L-Proline L-Proline 12) 
| 
| D-alloisoLeucine D-alloisoLeucine | 


co fe) | 
cre te H-CHMe 


NH NH 


| | 
co co 
oO oO 
N 
S NH, OH 
- re) Me ” Me 
(1) Me Me HO H Oo 
actinomycin C mixture > has been determined by Brockmann and his co-workers,! and it 
was suggested ® that the 2-aminophenoxazin-3-one chromophore was common to all of 


* Part IV, J., 1957, 1602. 


' Brockmann, Bohnsack, Franck, Gréne, Muxfeldt, and Siiling, Angew. Chem., 1956, 68, 70. 

* Manaker, Gregory, Vining, and Waksman, “ Antibiotics Annual,” Medical Encyclopedia, New 
York, 1955, p. 853. 

* Vining and Waksman, Science, 1954, 120, 389. 

* Roussos and Vining, /., 1956, 2469. 

5 Brockmann and Gréne, Chem. Ber., 1954, 87, 1036. 

* Brockmann and Vohwinkel, Chem. Ber., 1956, 89, 1373. 
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the actinomycins examined (not including actinomycin D) which therefore differ only in 
the nature of the peptide chains. In view of the greatly simplified purification procedure 
required to obtain actinomycin D, we have examined the structure of this substance. 
Hydrolysis with aqueous barium hydroxide gave actinomycinol ? (depeptidoactinomycin §) 
(II) identical with the product formed in this manner fron actinomycin B; and in view 
of this and the similarity of physical properties of actinomycin D, particularly the light 
absorption of neutral, acid, and alkaline soliitions, to those of all of the other actinomycins, 
it can be assumed that it also contains the 2-aminophenoxazin-3-one nucleus. Amino-acid 
analysis of actinomycin D gave ‘ values of threonine 1-2 mol., sarcosine 2-0 mol., proline 2-1 
mol., valine 2-1 mol., and N-methylvaline 2-1 mol. per mol. of actinomycin. Threonine is 
known to be partly destroyed under conditions of vigorous acid hydrolysis ;* more reliable 
results may be obtained after a preliminary reduction of the threonine to «-aminobutyric 
acid. It seems probable therefore that there are 2 units of threonine present in the mole- 
cule of actinomycin D and that the hydroxyl group of each is lactonised with the terminal 
carboxyl group of the peptide because of the overall similarity of the infrared spectra of 
the actinomycins.* The lactone groupings of actinomycin D, like those of actinomycin C,, 
can be hydrolysed with dilute methanolic sodium hydroxide, and actinomycinic acid D, 
in which the nuclear amino-group is replaced by hydroxyl, is thereby produced. 

In a molecule such as (I) which contains two separate peptides, there is the possibility 
that these may not be identical and consequently the results of normal peptide degrad- 
ations must be interpreted with caution. Thus the isolation of a peptide degradation 
product is not in itself sufficient to warrant assumption (cf., ¢.g., ref. 1) that the product 
is derived from both peptides. However, as an example of a peptide degradation applied 
to the whole actinomycin molecule to yield significant results, the Dakin—West reaction 
might be mentioned. It is known 1 that treatment of a peptide with acetic anhydride 
and pyridine destroys the carboxy-terminal amino-acid although actinomycinic acid C 
was the first example in which a terminal N-methylamino-acid was removed by this 
degradation. 


1 
-NH-CHR’CO-NH-CHR:CO,H —— CO, + -NH-CHR”CO-NH-CHR-CO'CH, 
2 
—» -NH-CHR’-CO,H + NH,-CHR-CO-CH, 
1 (CHy-CO),0-C,H,N. 2 H,O. 


When actinomycin D was hydrolysed under mild conditions to open the lactone groups, 
the dibasic actinomycinic acid D (cf. ref. 11) was obtained and this, when subjected to 
treatment with acetic anhydride and pyridine followed by vigorous acid hydrolysis, gave 
all of the constituent amino-acids except N-methylvaline. As the reaction involves only 
the carboxy-terminal amino-acids and as each of the two units of N-methylvaline is des- 
troyed, it can be assumed that each of the peptides of actinomycinic acid D is terminated 
at the carboxy end (i.e., removed from the chromophore) by N-methylvaline. 

The oxidation of actinomycin with hydrogen peroxide 1 is a method whereby the two 
peptide chains can be separated and investigated independently, and it should be stressed 
that this type of degradation is essential for the investigation of actinomycins where the 
peptides are not known to be identical. A cold alkaline solution of hydrogen peroxide 
cleaves the chromophore of actinomycin and the two peptide-containing fragments are 
readily separated by partition between ethyl acetate and water, and can be purified by 
counter-current distribution. Each of the products is thus obtained as a hygroscopic 


7 Johnson, Todd, and Vining, J., 1952, 2672. 

* Brockmann and Grubhofer, Chem. Ber., 1953, 86, 1407. 

* Brockmann, Griéne, and Timm, Naturwiss., 1955, 42, 125. 
1®© Turner and Schmerzler, J. Amer. Chem. Soc., 1954, 76, 949. 
11 Brockmann and Franck, Angew. Chem., 1956, 68, 68. 

12 Bullock and Johnson, /J., 1957, 1602. 
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amorphous solid containing all five of the constituent amino-acids, which provides indepen- 
dent confirmation of a general structure of type (I) for the actinomycins. Both peptides 
contain a non-amino-acid fragment; in the first (peptide A; III) this had been shown to 
be 7-methylbenzoxazolone-4-carboxylic acid }* and in the second (peptide B; IV) it is 
oxalic acid. 


co co CO,H CO>,H 

- eS . id 
O=peptide peptide-O peptide peptide 

NH 


co 


r i a + 
co co co H - 
N N CO>H 
S NH, oa ; 
J (IV) 
fe ie) Oo 
(1) Me Me Me (111) 


Peptide A, CggH4gO,9N,,2H,O, which corresponds to the oxidation product from 
actinomycin B described earlier '* (where it was given the erroneous molecular formula 
CygH4sOi9Ng,2H,O), is strongly fluorescent in ultraviolet light, and partial hydrolysis 
studies have shown that the constituent amino-acids can be liberated in a stepwise manner. 
In addition, thermal cleavage, which was used to advantage in the ergot alkaloid field, 
has been investigated. Pyrolysis of peptide A at 180—190° in a high vacuum, as well 
as pyrolysis of actinomycin D itself, yields a volatile product which has been shown to be 
the dioxopiperazine (V) derived from N-methylvaline and sarcosine, and acid hydrolysis 
of this piperazine has given the two constituent amino-acids. The same product (V) 
was obtained from actinomycins C, and C, by treatment with hydrazine.™ 


CHMe-OH CO-NMe-CH,"CO-NMe-CH-CO,H 
CO-NH-CH pH CH, CHMe, 
CH, NH  CO*NH-CH-CO-N 
Ss ! \ 
NMe ™\ CHMe, CH,— CH, 
| | co 
MeN Yo oO” 
CH-CHMe, Me 
(V) (V1) 


Treatment of peptide A with 6n-hydrochloric acid at room temperature liberated 
N-methylvaline before any other ninhydrin-reacting substance could be detected, and 
this observation coupled with the result of the Dakin-West degradation indicates that 
N-methylvaline is the terminal acid at the carboxy-end of peptide A; the result of the 
pyrolysis suggests that sarcosine is attached to N-methylvaline. Hydrolysis of peptide A 
with dilute hydrochloric acid at 100° liberated N-methylvaline, sarcosine, and proline in 
appreciable amount whereas valine, which normally gives a very intense ninhydrin colour, 
was obtained only in traces and threonine not at all. Longer hydrolysis liberated valine 
and some threonine. No ninhydrin-reacting substances other than amino-acids were 
observed in any of the partial hydrolyses carried out, and hence in view of the molecular 
formula and the facts that peptide A fails to react itself with ninhydrin and to give any 
reactions of a free amino-group, this component can be formulated as (VI) with the amino- 
acids arranged in the order —-NH-threonine—valine—proline-sarcosine-N-methylvaline- 
CO,H. 

Peptide B was a stronger acid than peptide A, and examination of an acid hydrolysate 
by chromatography suggested that the non-amino-acid fragment was oxalic acid. This 


18 Stoll, Hofmann, ef al., Helv. Chim. Acta, 1943, 26, 1602; 1951, $4, 1544: Grob and Meier, ibid., 
1956, 39, 776. 


4% Brockmann, Bohnsack, and Siiling, Angew. Chem., 1956, 68, 66. 
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was substantiated by the analysis of peptide B which agreed reasonably with the calculated 
formula, C,,H,,O,)N;,H,O. The structure of peptide B followed from experiments 
similar to those applied to peptide A. Pyrolysis at 150—160° yielded the dioxopiperazine, 
sarcosyl-N-methylvaly] (V), and the results of the Dakin—-West degradation had suggested 
that N-methylvaline was the carboxy-terminal amino-acid. Furthermore, hydrolysis of 
the peptide with 6n-hydrochloric acid at room temperature for 44 days liberated N-methyl- 
valine as the only product detectable on paper with ninhydrin. Peptide B, like peptide A, 
is therefore terminated by sarcosyl-N-methylvaline. Hydrolysis of peptide B with 
N-hydrochloric acid at 100° for 3 hours gave a product which contained all five of the 
constituent amino-acids although valine and threonine were present only in traces. 
Hydrolysis of the peptide with 0-5n-hydrochloric acid at 100° for 2} hours gave a product 
containing a trace of valine and no detectable threonine. It was thus deduced that in the 
structure (IV) of peptide B, the arrangement of the constituent amino-acids in the peptide 
is identical with that of peptide A (VI). 

It therefore foliows that the structure of actinomycin D is similar to that of actino- 
mycin C, except that the p-alloisoleucyl units in the latter are replaced by D-valyl groups, 
the p-configuration being assumed by analogy with the earlier work on actinomycins 
B }5 and C.16 


EXPERIMENTAL 


The solvent systems used for chromatography on paper of peptide hydrolysates were (i) 
phenol—water (454 g. of phenol; 100 c.c. of water), (ii) the organic phase of butan-1l-ol—acetic 
acid—water (4: 1:5). Chromatograms were developed by spraying with a 0-1% solution of 
ninhydrin in butan-1-ol, and the papers heated at 100—110° for 3 min. 

Actinomycin D.4—Crystallised from methanol-ethanol (1 : 3), this had the following absorp- 
tion max. (my) (log ¢ in parentheses) : (i) in EtOH, 445 and 240 (4-43 and 4-49); (ii) in EtOH- 
10N-HCI (1 : 1), 477 (4-21); (iii) in EtOH—0-1N-NaOH, 458, 344, and 285 (3-05, 4-38, and 4-13). 

Actinomycinol D.—Actinomycin D (2 g.) was dissolved in the minimum quantity (ca. 75 c.c.) 
of boiling ethanol, treated with cold saturated aqueous barium hydroxide, and heated on the 
steam-bath for 15 min. The purple precipitate was separated and warmed with 2n-hydro- 
chloric acid (350 c.c.), actinomycinol D being obtained as a red precipitate (200 mg.). It was 
removed and crystallised from 10% aqueous acetic acid, forming red needles which showed an 
absorption spectrum (in EtOH) identical with that of actinomycinol B:7 Ama. 473, 321, 277, 
and 245 my (log ¢ 3-51, 3-76, 4-19, and 4-36 respectively). 

Actinomycinic Acid D.—Actinomycin D (0-5 g.) was dissolved in 0-1N-methanolic sodium 
hydroxide (50 c.c.) and kept at 35° for 4 hr. The solution was diluted with water, neutralised 
with 3n-hydrochloric acid (to 250 c.c.), and extracted with chloroform (3 x 100 c.c.). The 
solvent was removed from the combined extracts, and the residue crystallised from chloroform-— 
ethyl acetate (1:10) to yield actinomycinic acid D (410 mg.) as orange needles (Found, on a 
sample dried for 24 hr. at room temperature: C, 55-2; H, 6-95; N, 11-9. C,,H,,0,.N,,,3H,O 
requires C, 55-3; H, 7-1; N, 11-45%), Amax. 420—424 my (log ¢ 3-74), Aing, 315 my (log ¢ 3-97). 

Dakin—West Degradation of Actinomycinic Acid D.—Actinomycinic acid D (10 mg.) was 
heated with pyridine (0-5 c.c.) and acetic anhydride (1-25 c.c.) at 135° for 6 hr. The solvents 
were then removed by distillation under reduced pressure and the brown residue was heated 
under reflux with 6N-hydrochloric acid (5 c.c.) for 12 hr. The acid was removed in a vacuum- 
desiccator containing solid sodium hydroxide, and the residual hydrolysate was examined by 
chromatography on paper. Four ninhydrin-reacting compounds were detected: (i) phenol— 
water, Rp 0-88 (yellow), 0-77, 0-74, and 0-44; (ii) butanol—acetic acid, Rp 0-55, 0-40 (yellow), 
0-28, and 0-28 corresponding to valine, proline, sarcosine, and threonine. 

Similar degradations were carried out on peptides A and B (see below) with exactly similar 
results. 

Oxidation of Actinomycin D.1*—Actinomycin D (1 g.), dissolved in the minimum quantity 
of methanol (80 c.c.), was treated with 30% w/v hydrogen peroxide (15 c.c.), 10% aqueous 


15 Dalgliesh, Johnson, Todd, and Vining, J., 1950, 2946. 
16 Brockmann, Grubhofer, Kass, and Kalbe, Chem. Ber., 1951, 84, 260. 
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sodium hydroxide (15 c.c.), and water (120 c.c.). After 1 hr. at room temperature, a further 
quantity of 30% hydrogen peroxide (15 c.c.) was added and the solution kept for an hour. 
The pH of the resulting solution was adjusted to 3—4, water (400 c.c.) was added, and the 
product extracted with butan-l-ol (3 x 100 c.c.). The combined butanol extracts were 
washed with water (100 c.c.), and the aqueous layer was re-extracted with butan-1-ol (50 c.c.). 
This extract was added to the original butanol extracts, and the solvent removed under reduced 
pressure. The residue (0-95 g.) was a pale yellow amorphous solid and it was equilibrated 
between ethyl acetate (100 c.c.) and water (100 c.c.). The phases were separated and the 
solvents removed under reduced pressure, then the oxidation product was partitioned in the 
ratio 1-3: 1. The ethyl acetate-soluble fraction, essentially peptide A, was purified as described 
for the similar product from actinomycin B in an earlier paper,’ to yield a colourless micro- 
crystalline product (0-598 g., 43-4%, from 1-387 g. of crude oxidation product) which softened 
at 164—170° and sintered without melting at 172—174° and was very hygroscopic. For 
analysis, it was precipitated from ethyl acetate by light petroleum (b. p. 60—80°) and dried 
at 80°/0-1 mm. (P,O,) (Found : C, 53-6; H, 7-0; N, 11-8. C,,H,.0,)N,,2H,O requires C, 54-1; 
H, 7-1; N, 11-8%). Its absorption max. in EtOH were at 297 and 206 my (log ¢ 3-61 and 4-43). 

The water-soluble peptide fraction, essentially peptide B, was purified by repeated extraction 
of an aqueous solution with ethyl acetate in a counter-current machine. After 50 changes of 
solvent, the aqueous layers of tubes 0, 1, and 2 were combined, and the solvent was removed 
to yield a white crystalline residue (0-45 g., 32-4%, from 1-387 g. of crude oxidation product), 
m. p. 92—94° (decomp.), which was very hygroscopic (Found, in a sample dried at 50°/0-1 mm. : 
C, 51-4; H, 7-3; N, 11-9. C,;H,,0O,9N5,H,O requires C, 50-9; H, 7-35; N, 11-9%) and had 
absorption max. in EtOH at 207 muy (log ¢ 4-43). 

Hydrolysis of peptide B with 6N-hydrochloric acid in a sealed tube at 110° for 6 hr. gave a 
product which by chromatography on paper was shown to contain all five of the constituent 
amino-acids as well as an additional acidic compound. Chromatography in ethanol—aqueous 
ammonia (d 0-88)—water (7: 1:2) showed that this acid had properties identical with those 
of oxalic acid (cf. ref. 12). 

Pyrolysis of Peptide A.—Peptide A (100 mg.) was heated in a long tube at 180—190°/0-2 mm., 
and after 90 min. the oil (ca. 20 mg.) which had distilled was removed and resublimed at 78°/0-1 
mm., a copper tube being placed as a jacket over the sublimation tube in order to obtain an 
extended temperature gradient. The crystalline sublimate was separated and repeatedly 
sublimed, to give a main crystalline dioxopiperazine fraction (V) (ca. 5 mg.), m. p. 116° (lit.,™ 
118°) (Found : C, 58-4; H, 8-45; N, 15-2. Calc. forC,H,,O,N,: C, 58-65; H, 8-75; N, 15-2%). 

This product was hydrolysed with 6N-hydrochloric acid in a sealed tube at 110° for 6 hr., and 
the hydrolysate examined by two-dimensional paper chromatography. Two spots which gave 
a positive ninhydrin reaction were observed : (i) phenol—water, Rp 0-68 and 0-93; (ii) butanol— 
acetic acid, Ry 0-20 and 0-49. These correspond to sarcosine and N-methylvaline respectively. 

Similar pyrolyses were carried out with actinomycin D and peptide B, and in each case the 
same dioxopiperazine (V) was isolated. 

Partial Hydrolyses.—The peptide (2—3 mg.) was placed in a Pyrex tube (0-3 cm. internal 
diam.) with hydrochloric acid of the requisite strength (0-3—0-5 c.c.), and the tube was sealed 
and heated. After cooling, the hydrolysate was evaporated in a vacuum-desiccator containing 
sodium hydroxide; water (0-5 c.c.) was added to the residue and the whole again evaporated 
to dryness. The product was dissolved in aqueous ethanol and examined by two-dimensional 
chromatography on paper (i) in phenol—water and (ii) in butanol—acetic acid. 

(1) Peptide A. (a) 6N-Hydrochloric acid at room temperature for 44 days liberated only 
one amino-acid, Ry (i) 0-91, (ii) 0-49 (N-methylvaline). 

(6) n-Hydrochloric acid at 100° for 2 hr. gave three amino-acids with a trace of a fourth; 
Ry values were (i) 0-93, 0-86 (yellow), 0-70 (trace), 0-65, (ii) 0-49, 0-43 (trace), 0-29 (yellow), 0-20 
[N-methylvaline, proline, and sarcosine with valine (trace)]. A similar result was obtained 
after hydrolysis with 0-5n-hydrochloric acid at 100° for 2 hr., except that in this case the valine 
was barely detectable. 

(2) Peptide B. (a) 6N-Hydrochloric acid at room temperature for 4} days liberated only 
one amino-acid, Ry (i) 0-91, (ii) 0-49 (N-methylvaline). (6) n-Hydrochloric acid at 100° for 
3 hr. gave three amino-acids with small amounts of two others: Rp values were (i) 0-94, 0-84 
(yellow), 0-70 (weak), 0-67, and 0-44 (weak), (ii) 0-50, 0-43 (weak), 0-29 (yellow), 0-19, and 0-19 
(N-methylvaline, proline, and sarcosine with small amounts of valine and threonine). 
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Hydrolysis with 0-5n-hydrochloric acid at 100° for 2} hr. gave three amino-acids (N-methyl- 
valine, proline, and sarcosine) with a trace of valine but no threonine: Ry values were (i) 0-94, 
0-86 (yellow), 0-73 (trace), and 0-68, (ii) 0-49, 0-43 (trace), 0-29 (yellow), and 0-18. 
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643. Aliphatic Carboxylic Acids containing Arsenic. Di(carboxy- 
methyl)phenylarsine and Related Compounds. 


By Jonn T. BRAUNHOLTZ and FREDERICK G. MANN. 


The rather critical conditions for the preparation of di(carboxymethy])- 
phenylarsine by the Meyer reaction have been elucidated. The investigation 
of certain of its chemical and physical properties, and their comparison 
with those of closely related acids, have revealed three types of oxidation 
product; di(carboxymethyl)- and di-(3-carboxypropyl)-phenylarsine give 
the normal oxides, their di-(2-carboxyethyl) analogues give dihydroxide 
dilactones, and 2-carboxyethyldiphenylarsine gives a zwitterion of the 
betaine type. 


SEVERAL tertiary dialkylarylarsines are known in which the arsenic bears one or two 
radicals containing the carbonyl function of a ketonic or carboxylic group. For example, 
Cookson and Mann! prepared di-(2-carboxyethyl)phenylarsine (I; R =H, n = 2) 
and di-(2-benzoylethyl)phenylarsine ? (II) from di-(2-cyanoethyl)phenylarsine, and also 
prepared di-(3-carboxypropyl)phenylarsine (I; R = H,n = 3).2, Compounds of this type, 
in which the arsenic atom is separated from electron-withdrawing groups, ¢.g., carboxyl, by 
two or more methylene units, are stable, but compounds such as (IIT) * and (IV) ¢ in which 


JICHi}e°CO,H ACHi]e°COPh 


(I) P-R°CgH AS. PAs IT) 
[CH,],"CO.H [CH,].-COPh 
OF 
/COMe " pome 
Ph-As, Ph-As— Ph,As‘COMe 
COMe \come 
(IIT) (IIIA) (IV) 


these groups are directly joined, and which can be regarded as arsenic analogues of acid 
amides, have a low stability; they are readily oxidised and easily decomposed by dilute 
mineralacids. It is probable that stabilisation by structures such as (IIIA) would require 
energetically unfavourable d,—p, bonding between arsenic and carbon. 

We have now synthesised di(carboxymethyl)phenylarsine (IX), the first member of a 
series of dibasic acids intermediate in type between those discussed above. Quick and 
Adams ® have shown that dichlorophenylarsine (V), when subjected at room temperature 
to a Meyer reaction ® with aqueous sodium hydroxide and sodium chloroacetate, gives 
carboxymethylphenylarsinic acid (VI), which, when reduced in hydrochloric acid with 
sulphur dioxide, gives carboxymethylchlorophenylarsine (VII). We find that this com- 
pound, when subjected to a repetition of this Meyer reaction in boiling solution, gives 
R. C. Cookson and Mann, J., 1947, 618. 

R. C. Cookson and Mann, J., 1949, 67. 
Job, Reich, and Vergnaud, Bull. Soc. chim. France, 1924, 35, 1404. 
Steinkopf, Schubart, and Schmidt, Ber., 1928, 61, 678. 


Quick and Adams, J]. Amer. Chem. Soc., 1922, 44, 813. 
Meyer, Ber., 1883, 16, 1440. 
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di(carboxymethyl)phenylarsine oxide (VIII), which can be similarly reduced to the 
crystalline acid (IX). It is essential that the reduction of the compounds (VI) and (VIII) 
should be carried out in cold very dilute hydrochloric acid, otherwise decomposition occurs 
with the regeneration of the dichloroarsine (V) and the monochloroarsine (VII) respectively. 
Since the final acid (IX) is almost insoluble in cold dilute hydrochloric acid, is quite stable 
when warmed with this acid for a short time, and is completely stable in boiling water, the 


Ph:AsC!l, ——t Ph-As(:0)(OH)-CH,-CO,H ——> Ph-AsCI-CH,-CO,-H 


(v) (VI) (VII) 
_ Jan COH /CH:CO.H 
Ph-As-OH cl Ph-As~ <<—— Ph-As(:0)(CH,-CO.H), 
\CH,-CO.H \CH,-CO.H 


(X) (IX) (VIIT) 


decomposition of the arsine oxide (VIII) in more concentrated hydrochloric acid probably 
arises from the ionic hydroxy-chloride (X) in which the inductive effects of both the 
carboxyl and the =As*— group will weaken the As-CH,°CO,H bonds. 

Earlier attempts to prepare the acid (IX) by interaction of phenylarsinebis(magnesium 
bromide) (XI) and ethyl bromoacetate had failed.? The interesting carboxymethylarsonic 
acid (XII) has been prepared by Ramberg and Ohmann ® by the Meyer reaction between 
arsenious acid and chloroacetic acid in alkaline solution at room temperature: it 
decomposes with evolution of carbon dioxide in warm aqueous solution or in the presence 
of mineral acids. It is claimed ® that the action of phosphorus trichioride in chloroform 
converts the acid (XII) into the dichloroarsine (XIII), a process in which quinquevalent 
arsenic is surprisingly reduced to the tervalent state in preference to the conversion of the 
carboxylic acid into its chloride. 


OH 
Ph:As(MgBr), O=AS-CH,"CO,H Cl,As‘CH,"CO,H 
(XI) \OH (XII) (XIII) 


It is noteworthy that the acid (IX) is more soluble in acetone than in water while the 
reverse is true of its oxide (VIII). Although the acid (IX) is apparently much more 
resistant to acidic hydrolysis than the arsenamide (III), the appreciable electron-with- 
drawal of the carboxyl groups is shown by the inertness of the acid to atmospheric oxid- 
ation, and by its inability to form a methiodide under normal conditions. This partial 
deactivating influence persists also in the di-(2-carboxyethyl) acid (I; R =H, n = 2), 
which is not oxidised in the atmosphere although its methiodide is prepared without 
difficulty.” 

Potentiometric titration of the acids (VIII) and (IX) against approx. n/40-aqueous 
sodium hydroxide gives smooth curves showing well-defined end-points but no inter- 
mediate break (Fig. 1). This is typical of dibasic acids,!° such as succinic and tartaric 
acid, in which the separation of the carboxyl groups greatly reduces their interaction in 
the partially ionised state. The oxidised acid (VIII) is found to be somewhat the stronger, 
as might be expected as a result of the inductive effect of the As=O link. 

More detailed structural information has been derived from the infrared spectra of the 
crystalline compounds (VIII) and (IX), and of a number of related acids prepared by other 
workers. In particular, these spectra show that the arsenic atom has no special influence 
upon the dimerisation usual in solid carboxylic acids, but illustrate its inductive effect by 
significant shifts of the characteristic absorption maximum in the 1700 cm. region. 

7 R. C. Cookson and Mann, unpublished work. 

® Ramberg and Ohmann, Svensk Kem. Tidskr., 1924, 36, 119; Zentr., 1924, IT, 1077. 


* Steinkopf and Schmidt, Ber., 1928, 61, 675. 
10 Britton, J., 1924, 125, 1572. 
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While the marked effervescence at the melting point of the oxidised acid (VIII) suggested 
a zwitterionic structure such as (VIIIA), no confirmatory evidence could be obtained from 
its infrared spectrum, nor did that of the acid (IX) in any way support the analogous 
possibility (IXA). 

The positions of the absorption bands in the O-H and C=O bond stretching frequency 
regions of the spectra of the acid (IX) and certain other analogous derivatives of tervalent 
arsenic and phosphorus are given in the Table. The characteristic frequencies in the 
900—950 cm.~! region, easily identifiable as rather broad-based bands of medium or high 
intensity, which are assigned to out-of-plane deformation of carboxyl group hydroxyl 
functions, are also recorded. Bonner and Hofstadter !* consider this band to be caused 
by the dimeric forms of carboxylic acids. 


CO CH,-CO,- 

+ + 

Ph-As-OH Ph-As-H 

(VIILA) \CH,-CO,H \cH,-CO,H (IXA) 


The high-frequency hydroxyl absorption patterns closely resemble that exhibited, for 
example, by glutaric acid and characterise dimeric hydrogen bonding of the carboxylic 
acids in the solid state. In the case of the acid (I; R = Cl, n = 2), additional absorption 





10 

Fic. 1. Potentiometric titration curves of aqueous 

solutions of the dibasic acids: 

(A) Di(carboxymethyl)phenylarsine oxide (XIV; 
n=1) (17-73 mg.). (B) Di(carboxymethyl)- 
phenylarsine (IX) (21-08 mg.). (C) Di-(2-carboxy- 
methyl)phenylarsine dihydroxide dilactone (XVI; 
R = H) (9-23 mg.). 


The values of g.-equivs. of sodium hydroxide for (A) 
and (B) are given above, and those for (C) below, 
the horizontal axis. 
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at 2750 cm."}, and the appearance of a second carbonyl band at 1717 cm.-}, suggest that 

the para-chloro-atom causes some additional interaction between carboxyl groups. 
Infrared studies by Flett 1° show that the C=O absorption band of several aliphatic 

dicarboxylic acids is also split, owing to carboxyl interaction; for example, the maxima 


The O-H and C=O bands, determined with solid samples, in Nujol or 
hexachlorobutadiene mulls. 


Compound von (cm.~) vco (cm.~) von (cm.—*) 
ee eS ee eee 2640, 2560 1700 940 
ON £3 8 to 7. ee 2630, 2550 1693 956 
hs ee Or CO we Be iv siccstnccindssctene 2750, 2660, 2560 1717, 1690 939, 925 
DE Wkdiddbnedsihdidadeieenrseccentdansteiadne 2640, 2540 1683 945, 920 
UREA © sciatica ibdisalietitniets cemaicarecunininas 2640, 2540 1677 924, 904 
Ph, As‘CH,-CHy°CO,H ? oo. .eeeceseeeeees 2725, 2640, 2570 1712 938 
Ph,P-CH,°CHyCO,H oo. eeeceeseeeeees 2725, 2630, 2540 1707 940 


for anhydrous oxalic acid occur at 1710 and 1690 cm.-!. The effect becomes less marked 
as the number of intervening methylene groups increases, and adipic acid shows simple 
absorption at 1700 cm.!. 


11 Bellamy, “ The Infra-Red Spectra of Complex Molecules,’’ Methuen, London, 1956, p. 148. 
12 Bonner and Hofstadter, J]. Chem. Phys., 1938, 6, 531. 

13 Mann and Millar, J., 1952, 4453. 

14 Bratoz, Hadzi, and Sheppard, Spectrochim. Acta, 1956, 8, 249. 

15 Flett, J., 1951, 962. 
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The absorption of the C=O groups of the di-(3-carboxypropyl) acid (I; R = H, n = 3) 
is here regarded as normal (veo 1700 cm.“!)._ A shift of voo to lower frequencies occurs in 
the series as the methylene chains become shorter; this is correlated with the corre- 
spondingly increasing inductive effect of the arsenic atom, which, being less electronegative 
than carbon, exerts an influence opposite, for example, to that of halogen.® (Thus 
8-chloropropionic acid shows carbonyl absorption at 1710 cm.-!, and the «-isomer does so 
at 1730 cm.-!) When halogen is attached to arsenic, as in the compound (VII), the two 
opposing effects give rise to a small resultant increase in carbonyl absorption frequency. 
A similar, but greater, shift is shown by the 2-carboxyethyldiphenyl-arsine and -phosphine 
included in the Table, and may be attributable to electron-withdrawal by the additional 
aromatic nucleus. 

In order to extend the study of inductive effects in this series of acids, the corresponding 
tertiary arsine oxides were required. Although all the arsines discussed above resisted 
atmospheric oxidation, they were readily converted by hydrogen peroxide in aqueous 
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acetone solution into stable crystalline oxidation products. Elementary analysis and 
infrared examination of these derivatives showed, however, that the four different types 
of arsine-carboxylic acid afforded three quite distinct classes of oxidation product; the 
contrasting structural features of these substances are clearly demonstrated by the portions 
of their infrared spectra (4000—1350 cm.-') reproduced in Fig. 2. 

The dicarboxylic acids (I; RH, n =3) and (IX) both yield oxides which are 
identical with those obtained by the Meyer reaction; they may be represented by the 
“normal” structure (XIV; n =1 or 3). In the acid (XIV; n = 1) the semipolarised 
As=O link has a powerful effect on the carbonyl absorption frequency, which is changed 
by 20 cm.-1, in the expected direction, to 1697 cm.~!; this effect is transmitted very weakly 
through three methylene groups in the oxidised product from (I; R = H, n = 3), causing 
an upward shift of only 5 cm.-!. The hydroxyl absorption of the compounds of type 
(XIV; n =1 or 8) is particularly interesting; a rather feebly resolved system of bands 
centred in each case at 2480 cm.~! reveals ‘“‘ dimeric ’’ hydrogen bonding of carboxyl OH 
functions in the usual way. An additional, very broad, region of absorption, centred at 
1900 cm.-!, is due to hydroxyl bonded in some other way not possible in the parent acids 
and, therefore, probably involving the As=O group of the same or an adjacent molecule. 
At the lower-frequency end of the spectrum (not illustrated in Fig. 2) identification of the 
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bands due to O-H deformation is not possible with certainty, but strong bands, which 
occur at 815 cm.-! (XIV; n = 3) and at 844 cm.-? (XIV; n = 1), are attributed to the 
As=0 bond. 

The oxidation product from 2-carboxyethyldiphenylarsine was found to have the 
expected composition Ph,AsO-C,H,°CO,H. Its infrared spectrum shows decisively, how- 


P int —..' 
ACHihCOLH + /CHyCH,CO,- Sih AE 
Ph:As=O Ph, “ oc—o~ | c— cH, 
\ICH,JeCO,H e 
CG 6H 4 R p 
(XIV) (XV) avn 


ever, that it possesses the zwitterion structure (XV), for the pair of strong absorption 
bands characteristic of -CO,- occur at 1597 and 1375 cm.-1. The bands attributed to 
bonded O-H in the parent acid are absent, and are replaced by a rather broad, ill-defined 
band at 2330 cm.-! and (possibly) by bands which are centred at 2890 cm.-! and therefore 
not distinguishable from those due to -CH,° groups. It is noteworthy that there is no 
dominant absorption in the region 800—900 cm.-!, to which the As=O vibration would give 
rise. The zwitterion (XV) is apparently the first authentic example of such a structure in 
arsenic compounds : it is closely analogous in type to a betaine. 

Particular interest attaches to the oxidation products of the acids (I; R = H, n = 2) 
and (I; R = Cl, n = 2), which have the “ dilactone”’ structure (XVI; R =H and Cl 
respectively). 

The evidence for structure (XVI) is fourfold: (i) Repeated elementary analyses show 
a composition which agrees with that of (XVI). (ii) The infrared spectra of the two com- 
pounds show no absorption that could be attributed to hydroxyl groups within the 
molecule. On the other hand, powerful carbonyl absorption occurs at 1681 (R = H) 
and 1684 cm.-! (R = Cl); this is consistent with the structure (XVI), particularly since 
the As—O bond is partially polar in character. The absorption band in the region 800— 
850 cm.-!, observed in the spectra of compounds (XIV; n = 1 or 3) and attributed to the 
As=O group, is not found in that of the compounds (XVI). (iii) The dilactone (XVI; 
R = H) can be titrated smoothly with dilute aqueous sodium hydroxide; a sharp end- 
point is obtained potentiometrically (Fig. 1), without an intermediate “step,” and the 
equivalent weight of (XVI; R = H) thus derived agrees very closely with the theoretical 
value. The ease of hydrolysis of (XVI; R =H) is shown by the low pH (4-5) of its 
aqueous solution before titration. (iv) The compounds cannot be the isomeric cyclic 
anhydrides formed by loss of water from two carboxylic groups in the oxidised acids (as 
XIV; n = 2), for it is well established that cyclic anhydrides show two carbonyl absorp- 
tion bands in the regions 1870—1820 and 1800—1750 cm.7}. 
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The readiness with which arsenic participates in the formation of a five-membered 
internal lactone (or anhydride) ring has been known for some time; for example, deriv- 
atives of o-carboxyphenylarsinous acid (and also of the arsinic acid) readily cyclise to 
anhydrides having the ring system (XVII).1® Ethylenebis(phenylarsinous acid) im- 
mediately forms the anhydride (XVIII), and the arsinic acid behaves similarly.17 Many 
other examples have been recorded.18 

16 Aeschlimann and McCleland, J., 1924, 125, 2025. 

17 Emrys R. H. Jones and Mann, /., 1955, 401. 


18 Mann, “‘ The Heterocyclic Derivatives of Phosphorus, Arsenic, Antimony, Bismuth and Silicon,” 
Interscience Publ. Inc., New York, 1950, p. 58 ff. 
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Spirocyclic dilactones have not, however, hitherto been described, although com- 
pounds of closely related structures (XIX) have been claimed by Salmi and his co- 
workers ! to result from the interaction of arsonic acids and a-hydroxycarboxylic acids. 
The novel “ lactonisation’’ which we now report involves reactive groupings without 
imposed rigidity (cf. XVII), and, unlike (XIX), is intramolecular in origin; it appears 
certain that the ring-closure proceeds via the dihydroxy-compound (XX), produced by 
hydration of the initial arsine oxide. 

The probable spatial configuration of compounds of type (XVI) is shown in (XVIA); 
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coplanarity of the bonds from arsenic to both methylene groups and the aromatic nucleus 
will be derived from trigonal sf? hybridisation, while both cyclic oxygen atoms will be 
collinear with arsenic if the remaining pair of arsenic electrons undergo #d hybridisation. 
This structure would be analogous to that of the tertiary stibine dihalides.”® 

This structure (XVIA) should allow the molecule to show optical activity, but the 
strong tendency to ring-opening in hydroxylic solvents would probably cause very rapid 
racemisation. 


EXPERIMENTAL 


All compounds were colourless. 

Carboxymethylchlorophenylarsine (V1I).—This was prepared by method of Quick and Adams,* 
with the precautions stated above. 

Di(carboxymethyl)phenylarsine (IX).—The chloroarsine (VII) (10 g.) and chloroacetic acid 
(4-3 g., 1 mol.) were added in this order to a solution of sodium hydroxide (7-8 g.) in water 
(100 c.c.), which was then boiled vigorously under reflux for 3 hr. The cold solution was poured 
into water (200 c.c.), made just acid to Congo-red with dilute hydrochloric acid, and, after the 
addition of potassium iodide (0-1 g.), cooled to 5—10° whilst being saturated with sulphur 
dioxide. After ca. 30 min., the crystalline almost pure acid (IX) (9 g., 82%) had separated : it 
had m. p. 126—127°, after crystallisation from water (Found: C, 44:3; H, 3:9%; equiv. wt., 
135. C,9H,,O,As requires C, 44-4; H, 4:1%; equiv. wt., 135). 

If the above reaction and acidification are carried out in more concentrated solution, the 
crystalline arsine oxide (see below) may separate. It can be dissolved in cold dilute acid and 
reduced as above. 

Solutions of the acid (IX) and of an excess of hydrogen peroxide (20-vol.), each in acetone, 
when mixed and warmed, became initially cloudy as oily droplets separated, and finally became 
clear. On cooling, the solution deposited di(carboxymethyl)phenylarsine oxide (VIII), m. p. 148° 
(effervescence) after crystallisation from water (Found: C, 41-8; H, 3-4%; equiv. wt., 142. 
C,9H,,0,As requires C, 42-0; H, 3-85%; equiv. wt., 143). 

The acid (IX) was unaffected when its solution in methyl iodide, in methanolic methyl 
iodide, and in nitromethane—methy] iodide was boiled under reflux. 

Di-(3-carboxypropyl)phenylarsine oxide (XIV; n = 3) was prepared by the oxidation of the 
arsine (I; R = H, n = 8) in acetone-hydrogen peroxide solution, which, when concentrated, 


19 Salmi, Merivuori, and Laaksonen, Suomen Kem., 1946, 19, B, 102. 
2° Wells, Z. Krist., 1938, 99, 367. 
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cooled, and diluted with acetone, deposited the oxide, m. p. 131—132°, after crystallisation 
from ethanol (lit.,4 m. p. 133—136°). 

2-Carboxyethyldiphenylarsine oxide (XV), prepared as the oxide (VIII), had m. p. 158°, from 
water (Found: C, 56-5; H, 4-6. C,,H,,0,As requires C, 56-6; H, 4-7%). 

Di-(2-carboxyethyl)phenylarsine dihydroxide dilactone (XVI; R =H), similarly prepared, 
had m. p. 235° after crystallisation from water (Found: C, 48-7; 48-8; H, 4:3, 4.4%; equiv. 
wt., 146. C,,H,,0,As requires C, 48-7; H, 4.4%; equiv. wt., 148). 

Di-(2-carboxyethyl)-p-chlorophenylarsine dihydroxide dilactone (XVI; R = Cl), similarly 
prepared, had m. p. 223° (from water) (Found : C, 43-4; H, 3-9; Cl, 10-7, 10-5. C,,H,,0O,ClAs 
requires C, 43-6; H, 3-7; Cl, 10-7%). 


We are indebted to Dr. N. Sheppard for much helpful discussion. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, March 21st, 1957.] 


644. Nucleotides. Part XLI.* Mixed Anhydrides as Inter- 
mediates in the Synthesis of Dinucleoside Phosphates. 
By R. H. Hatt, Sir ALEXANDER Topp, and R. F. WEBB. 

Adenosine-5’ uridine-5’ phosphate (II) was chosen as a model for an 
investigation of methods suitable for the synthesis of dinucleoside phos- 
phates. Reactions involving condensation of nucleoside benzyl phosphoro- 
chloridates with appropriately protected nucleoside derivatives gave low 
yields (ca. 20%) whereas reaction of the phosphorochloridates with 2: 6- 
lutidine diphenyl phosphate or trifluoroacetate gave the mixed anhydrides 
(e.g., IV) which gave excellent yields (70%) of the phosphate (II). Similar 
mixed anhydrides (V) of nucleoside phosphites and diphenyl hydrogen 
phosphate were used to prepare the dinucleoside phosphites which were 
converted via the phosphorochloridate into the phosphate (II). The 
methods utilising mixed anhydrides are likely to be useful in the synthesis 
of polynucleotides. 


THE formulation of the natural nucleic acids as 3’ : 5’-linked polynucleotides is now generally 
accepted, and as a result the synthesis of model compounds containing this type of 
structure is of particular interest. Not only can the study of such synthetic compounds 
confirm the interpretation of existing degradative information but it may also help to 
clarify such unresolved questions as the possibility of chain-branching in ribonucleic 
acids and provide models for an approach to the problem of nucleic acid function. In 
earlier papers of this series** the preparation of three such compounds, dithymidine 
dinucleotide, thymidine-3’ thymidine-5’ phosphate, and adenosine-2’ uridine-5’ phosphate, 
has been described. The method employed in each case was essentially the base-catalysed 
reaction of a suitably protected nucleoside benzyl phosphorochloridate (I; R = nucleoside 
residue) with an alcoholic hydroxyl group in another, appropriately protected nucleoside, 
followed by removal of all protecting groups. The yields obtained in these syntheses 
were rather low (8—20%), although high yields of pyrophosphates were produced by the 
reaction of the same phosphorochloridates with salts of dialkyl phosphates. This draw- 
back was early apparent in model experiments and the present paper records the results 
of some studies, begun in 1952, on alternative methods, particularly those employing mixed 
anhydrides, together with some more recent work which provides a route of considerable 
general interest and applicability. 

Adenosine-5’ uridine-5’ phosphate (II) provided a convenient model dinucleoside 


* Part XL, J., 1957, 868. 


1 Brown and Todd, Ann. Rev. Biochem., 1955, 24, 311. 
? Michelson and Todd, /., 1955, 2632. 

3 Michelson, Szabo, and Todd, J., 1956, 1546. 

* Kenner, Todd, Webb, and Weymouth, J., 1954, 2288. 
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phosphate for the study of possible synthetic methods since it had previously been prepared 
in these laboratories ° and its availability simplified its assay in reaction products by ion- 
exchange and paper chromatography. As a preliminary more quantitative information 
on the utility of the simple phosphorochloridate route was sought. To this end the 
reaction of benzyl 2’ : 3’-O-sopropylideneuridine-5’' phosphorochloridate* (I; R= 
2’ : 3’-O-tsopropylideneuridine-5’) with 2’ : 3’-O-isopropylideneadenosine was investigated 
in different solvents, the proportion and nature of the tertiary base employed being varied. 
Under optimum conditions for the condensation of equimolecular proportions of the two 
nucleoside derivatives, viz., 48 hours in a mixture of benzene and methyl cyanide with 
2 : 6-lutidine (5 mols.), the yield of phosphate (II) obtained after removal of protecting 
groups was of the order of 20%. A similar results was obtained when benzyl 2’ : 3’-O-iso- 
propylideneadenosine-5’ phosphorochloridate and 2’: 3’-O-tsopropylideneuridine were 
employed; yields were somewhat higher when the 5’-sodio-derivatives of the 2’ : 3’- 
protected nucleosides were employed. 

The nucleoside benzyl phosphites (III) used to prepare the corresponding phosphoro- 
chloridates were themselves obtained in high yield from the appropriately protected 
nucleosides by treatment with the mixed anhydride of benzyl hydrogen phosphite and 
diphenyl hydrogen phosphate. Clearly a similar mixed anhydride derived from a 
nucleoside benzyl phosphate and a stronger acid (e.g., diphenyl hydrogen phosphate, tri- 
fluoroacetic or toluene-p-sulphonic acid) could similarly be used to prepare triesters of 
phosphoric acid. Mixed anhydrides of this type were prepared by Corby, Kenner, and 
Todd ? by the action of tetraphenyl pyrophosphate, trifluoroacetic anhydride, or toluene-p- 
sulphonyl chloride on salts of dialkyl phosphates; the work was aimed primarily at the 
production of tetra-alkyl pyrophosphates by exchange reactions. For our present 
purpose—phosphorylation of an alcoholic hydroxyl group by the mixed anhydride— 
it seemed desirable therefore to start with a nucleoside benzyl phosphorochloridate and 
the salt of a strong acid rather than the reverse procedure, so as to minimise formation 
of dinucleoside pyrophosphate. When benzyl 2’ : 3’-O-sopropylideneadenosine-5’ phos- 
phorochloridate (I; R = 2’ : 3’-O-tsopropylideneadenosine-5’) was brought into reaction 
with diphenyl hydrogen phosphate (1 mol.), 2: 6-lutidine (2 mols.), and 2’ : 3’-O-iso- 
propylideneuridine (1 mol.) in a suitable solvent a product was obtained which on removal 
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of benzyl and isopropylidene groups furnished adenosine-5’ uridine-5’ phosphate (II) in 
a yield of 70% by increasing the proportion of uridine derivative to 2 mols. the yield 
rose to 87% based on phosphorochloridate. These experiments indicate that the mixed 
anhydride (IV; R = 2’ : 3’-O-sopropylideneadenosine-5’) reacts more smoothly than 
does the corresponding phosphorochloridate and that removal of the protecting groups 
is not a major source of loss. It was also found that the unprotected nucleoside could 
be used in place of the 2’: 3’-O-tsopropylidene derivative in the above reaction, the 
5 Elmore and Todd, /., 1952, 3681. 


® Kenner, Todd, and Weymouth, /., 1952, 3675. 
? Corby, Kenner, and Todd, J., 1952, 3669. 
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primary 5’-hydroxyl group being preferentially attacked. The mixed anhydride of 
benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphate and trifluoroacetic acid proved less 
effective but this we attribute mainly to the difficulty of excluding moisture when adding 
the hygroscopic trifluoroacetic acid. Apart from this purely technical problem there 
is no obvious reason why trifluoroacetic or another strong acid should not function as well 
as diphenyl hydrogen phosphate; indeed the acid of choice may well vary from case to 
case, and Khorana, Tener, Moffatt, and Po § recently reported good results with toluene-p- 
sulphonic acid. 

The excellent yields of phosphate obtained in the above reactions together with the 
well-nigh quantitative yields of phosphoramidates ® and of tetra-alkyl pyrophosphates ® from 
benzylphosphorochloridates suggest an additional reason for the losses involved in direct 
phosphorylation of alcohols by the latter reagents. Hitherto we had assumed that the 
main reason for the low yields observed in some cases was debenzylation of the phosphoro- 
chloridate by the tertiary base employed in the reaction.!° It has been shown by Hall !! 
that tetraethyl pyrophosphate and ethyl chloride are formed by the action of diethyl 
phosphorochloridate on triethyl phosphate. The initial product formed in phosphorylation 
with phosphorochloridates is a phosphotriester and benzyl groups are more readily attacked 
by incipient chloride ion than are ethyl groups.!* Debenzylation of the first-formed 
triester by phosphorochloridate in the reaction mixture would lead to production of 
pyrophosphate even in absence of moisture, as has been observed.? This type of reaction 
would be less marked with mixed anhydrides of dialkyl phosphates and stronger oxy-acids, 
and more in evidence with phosphorobromidates. 

An alternative route to dinucleoside phosphates using mixed anhydrides in which 
dinucleoside phosphites are intermediate products has been devised. Anionic 
debenzylation of protected nucleoside-5’ benzyl phosphites with 4-methylmorpholinium 
thiocyanate readily yielded the corresponding salts of nucleoside phosphites. These salts 
reacted smoothly with diphenyl phosphorochloridate, forming mixed anhydrides (V; 
R = protected nucleoside residue) which were not isolated but directly brought into 
reaction with a suitably protected nucleoside derivative, giving dinucleoside phosphites 
in high yield. 2’ : 3’-O-1tsoPropylideneadenosine-5’ 2’ : 3’-O0-tsopropylideneuridine - 5’ 
phosphite prepared in this way was converted into the dinucleoside phosphate (II) by 
treatment with N-chlorosuccinimide followed by hydrolysis; more direct methods for 
phosphite—phosphate conversion are being studied. 

Attempts have been made at various times in these laboratories to remove acetyl or 
isopropylidene groups from protected nucleoside benzyl phosphites but in every case 
preferential removal of the phosphite group occurred. This lability of the phosphite 
group can apparently be overcome by preliminary debenzylation; removal of the iso- 
propylidene group from 4-methylmorpholinium 2’ : 3’-O-isopropylideneuridine-5’ phos- 
phite with 80% acetic acid was accompanied by some decomposition but there appeared 
to be little loss of phosphorous acid when the corresponding 2’ : 3’-di-O-acetyl compound 
was deacetylated with methanolic ammonia. The use of such unprotected phosphites 
for the preparation of both polynucleotides and their phosphite analogues is under 
investigation. 


EXPERIMENTAL 


Formation and Assay of Adenosine-5’ Uridine-5' Phosphate from Nucleoside Phosphoro- 
chloridates.—(a) A solution of benzyl 2’ : 3’-O-isopropylideneadenosine-5’ phosphite (0-924 g.) 
and N-chlorosuccinimide (0-266 g., 1 mol.) in benzene (8 c.c.) and methyl cyanide (7 c.c.) was 
kept at room temperature for 3 hr. and then 2’: 3’-O-isopropylideneuridine (0-57 g., 1 mol.) 


® Khorana, Tener, Moffatt, and Po, Chem. and Ind., 1956, 1523. 
® Atherton, Openshaw, and Todd, /., 1945, 382. 
10 Atherton and Todd, J., 1947, 676. 
11 Hall, Ind. Eng. Chem., 1948, 40, 694. 
12 Lecog and Todd, /., 1954, 2381. 
vP 
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and 2: 6-lutidine (1 c.c., 5 mols.) were added. The solution was set aside for 48 hr., 
then evaporated, and the residue dissolved in a mixture of ethanol (5 c.c.) and n/50-sulphuric 
acid (35 c.c.). The solution was boiled under reflux for 1} hr., cooled, and neutralised with the 
calculated quantity of barium hydroxide solution. The mixture was filtered through “ Hyflo- 
Supercel,”’ and the combined filtrate and washings (total 70 c.c.) were adjusted to pH 8 with dilute 
ammonia solution and run on to a column (12-5 cm. x 10 sq. cm.) of Dowex-2 resin (250—500 
mesh; formate cycle). The column was washed with water (200 c.c.) and then eluted with 
0-02N- (540 c.c.) and 0-05n-formic acid (680 c.c.). Adenosine-5’ uridine-5’ phosphate was 
eluted by 0-05n-acid. Fractions having an optical density at 260 my greater than 0-2 x max. 
optical density were combined, concentrated under reduced pressure, and finally freeze-dried 
to a hygroscopic fluffy powder (0-214 g., 18-5%). The product was identical with an authentic 
specimen of adenosine-5’ uridine-5’ phosphate, having the same optical density ratio Dygo/Da¢o 
= 0-3 and identical paper chromatographic behaviour (see Table). 

(6) A solution of benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphite (0-342 g.) and N-chloro- 
succinimide (0-104 g., 1 mol.) in benzene (10 c.c.) was kept for 2 hr., then evaporated in vacuo, 
and the residue, dissolved in pyridine (3 c.c.), was added to a solution of 2’ : 3’-O-isopropyl- 
ideneadenosine (0-25 g., 1 mol.), in pyridine (4 c.c.) previously cooled to —30°. The clear 
solution was kept just above its m. p. (ca. — 30°) for 12 hr., then at room temperature for 48 hr., 
evaporated in vacuo, and dissolved in ethanol (15 c.c.) and n/50-sulphuric acid (50 c.c.). The 
solution was then treated as described in (a). The yield of adenosine-5’ uridine-5’ phosphate 
was shown to be approx. 15% : P!P?-di(uridine-5’) pyrophosphate (12%) was also produced 
in this reaction. 

(c) A solution of 2’: 3’-O-isopropylideneadenosine (1 g.) in redistilled liquid ammonia 
(15 c.c.) was treated with sodium (0-075 g., 1 mol.), the solvent evaporated, and the residual 
5’-sodio-derivative collected and stored in vacuo over phosphoric oxide. To a solution of this 
sodio-derivative (0-28 g.) in dimethylformamide (5 c.c.) was added a solution of benzyl 2’ : 3’-O- 
isopropylideneuridine-5’ phosphorochloridate (1 mol.) in methyl cyanide (2 c.c.) prepared as 
described in (b) above from benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphate (0-37 g., 1 mol.) 
and N-chlorosuccinimide (0-135 g., 1 mol.). After 48 hr. the solution was worked up as 
previously described and gave a 25% yield of adenosine-5’ uridine-5’ phosphate. 

Formation and Assay of Adenosine-5’ Uridine-5’ Phosphate by the ‘‘ Mixed Anhydride ”’ 
Route.—(a) Mixed anhydride with diphenyl hydrogen phosphate. (i) A solution of benzyl 
2’ : 3’-O-isopropylideneuridine-5’ phosphorochloridate in benzene (3 c.c.), prepared as described 
above from benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphite (0-105 g.) and N-chlorosuccin- 
imide (0-034 g., 1-05 mol.), was treated with 2’ : 3’-O-isopropylideneadenosine (0-147 g., 2 mols.), 
2: 6-lutidine (0-055 c.c., 2 mols.), diphenyl hydrogen phosphate (0-060 g., 1 mol.), and 
dimethylformamide (2 c.c.). The solution was kept at 37° for 24 hr., then evaporated, and the 
residue refluxed for 1} hr. with ethanol (7 c.c.) and n/50-sulphuric acid (25 c.c.). After cooling 
and neutralisation with barium hydroxide solution the mixture was filtered and the filtrate 
shown by paper chromatography to contain adenosine-5’ uridine-5’ phosphate, uridine-5’ 
phosphate, and adenosine. Separation was achieved by ion-exchange chromatography as 
described previously and the adenosine-5’ uridine-5’ phosphate isolated as a fluffy hygroscopic 
powder (0-117 g., 87% based on benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphite). 

(ii) In a similar experiment, reaction of benzyl 2’ : 3’-O-isopropylideneadenosine-5’ phos- 
phorochloridate [from the corresponding phosphite (0-258 g.) and N-chlorosuccinimide (0-076 g., 
1 mol.)] with 2’: 3’-O-isopropylideneuridine (0-16 g., 1 mol.), diphenyl hydrogen phosphate 
(0-14 g., 1 mol.), and 2: 6-lutidine (0-12 c.c., 2 mols.) in benzene (5 c.c.) and methyl cyanide 
(2-8 c.c.), gave a yield of adenosine-5’ uridine-5’ phosphate shown by paper chromatography 
to be 70%. 

(iti) When a solution of benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphorochloridate [from 
the corresponding phosphite (0-102 g.) and N-chlorosuccinimide (0-033 g., 1 mol.)] in benzene 
(3 c.c.) was similarly treated with adenosine (0-125 g., 2 mols.), diphenyl hydrogen phosphate 
(0-0582 g., 1 mol.), 2 : 6-lutidine (0-056 c.c., 2 mols.), and dimethylformamide (3 c.c.) the yield 
of the di(nucleoside-5’) phosphate was 75%. 

(b) Mixed anhydride with trifluoroacetic acid. When benzyl 2’ : 3’-O-isopropylideneuridine-5’ 
phosphorochloridate [from benzyl 2’ : 3’-O-isopropylideneuridine-5’ phosphite (0-192 g.) and 
N-chlorosuccinimide (0-06 g., 1 mol.)} in benzene (5 c.c.) was treated with 2’ : 3’-O-isopropyl- 
ideneadenosine (0-162 g., 1 mol.), 2 : 6-lutidine (0-1 c.c., 2 mols.), trifluoroacetic acid (0-032 c.c., 
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1 mol.), and methyl cyanide (2 c.c.) the product was shown to contain adenosine-5’ uridine-5’ 
phosphate (32%), adenosine, and an unidentified nucleotide. 

4-Methylmorpholinium Thiocyanate (with Dr. F. J. WEyMouTH).—A solution of 4-methy]l- 
morpholine (26 c.c.) and ammonium thiocyanate (13 g.) in water (130 c.c.) was refluxed until 
no more ammonia was evolved (6 hr.). On cooling, the crystalline product (13-4 g., 49%) was 
filtered off, dried, and recrystallised from ethyl methyl ketone, giving 4-methylmorpholinium 
thiocyanate as colourless plates, m. p. 103° (Found, in material dried at 50°/1 mm. over P,O; : 
C, 45-1; H, 7-4; N, 17-4. C,H,,ON,S requires C, 45-0; H, 7-5; N, 17-5%). 

4-Methylmorpholinium 2’ : 3’-O-isoPropylideneadenosine-5’ Phosphite.—A solution of benzyl 
2’ : 3’-O-isopropylideneadenosine-5’ phosphite (0-6 g.) and 4-methylmorpholinium thiocyanate 
(0-2 g., 1-1 mols.) in ethyl methyl ketone (5 c.c.) was refluxed for 2 hr., then cooled, and the 
supernatant liquid decanted from the yellow gum produced. The gum was heated with methyl 
cyanide (2 c.c.) and ethyl methyl ketone (2 c.c.), then cooled, benzene (2 c.c.) added, and the 
semi-solid precipitate separated by decantation, washed with benzene (8 c.c.), and dried in vacuo 
over phosphoric oxide, affording 4-methylmorpholinium 2’ : 3’-O-isopropylideneadenosine-5’ 
phosphite as a white hygroscopic powder (Found: C, 45-7; H, 5-5; P, 6-9. C,,H,O,N,P 
requires C, 45-8; H, 6-1; P, 6-6%). Paper chromatography in butan-l-ol—water—acetic acid 
(5: 3: 2) showed the only component with selective ultraviolet absorption to be the required 
phosphite (Ry 0-70), although traces of monobenzyl phosphite (Ry 0-85—0-95) were present. 
Similar results were obtained by using the system propan-2-ol—1% ammonium sulphate (3 : 2) on 
Whatman No. | paper previously soaked in 1% ammonium sulphate solution and dried; the 
Ry values were : nucleoside phosphite, 0-90; monobenzyl phosphite, 0-95. Anionic debenzyl- 
ation of benzyl 2’: 3’-di-O-acetyladenosine-5’ phosphite with 4-methylmorpholinium 
thiocyanate gave a glass with similar behaviour on paper chromatography. 

4-Methylmorpholinium 2’ : 3’-O-isoPropylideneuridine-5’ Phosphite-—A solution of benzyl 
2’ : 3’-O-isopropylideneuridine-5’ phosphite (18 g.) and 4-methylmorpholinium thiocyanate 
(6-2 g., 1-1 mols.) in ethyl methyl ketone (150 c.c.) was refluxed for 4 hr., the cooled, cloudy 
solution diluted with benzene (100 c:c.), and the supernatant liquid decanted from the oily 
precipitate. The residue was heated with ethyl methyl ketone (50 c.c.), then cooled, and the 
supernatant layer discarded. The gummy product was dried im vacuo over phosphoric oxide, 
giving a colourless foam (6-67 g.) free from thiocyanate. Paper chromatography in butan-1-ol 
—water-—acetic acid (5:3:2) showed one component with selective ultraviolet absorption 
(Ry 0-66), while spraying for phosphate showed a trace of monobenzyl hydrogen phosphite. 
In the system propan-2-ol-1% ammonium sulphate (3 : 2) the major component had Ry 0-95. 
Unsatisfactory analytical values were obtained on the hygroscopic glass but the product was 
shown to be essentially pure 4-methylmorpholinium 2’ : 3’-O-isopropylideneuridine-5’ phosphite 
by its conversion in high yield into 2’ : 3’-O-isopropylideneadenosine-5’ 2’ : 3’-O-isopropylidene- 
uridine-5’ phosphite as outlined below. Benzyl 2’: 3’-di-O-acetyluridine-5’ phosphite on 
treatment with 4-methylmorpholinium thiocyanate gave a similar hygroscopic gum which is 
considered to be 4-methylmorpholinium 2’ : 3’-di-O-acetyluridine-5’ phosphite. 

Removal of Protecting Groups from Nucleoside Phosphite Salts ——4-Methylmorpholinium 
2’ : 3’-O-isopropylideneuridine-5’ phosphite was heated with 80% acetic acid for 30 min.; the 
solution was evaporated in vacuo and examined by paper chromatography in the system butan-1- 
ol—water-acetic acid (5: 3: 1),on Whatman No. 1 paper. In addition to uridine (Rp 0-5) and 
phosphorous acid (Ry 0-59) a component was obtained (Rp 0-32) which showed selective ultra- 
violet absorption, contained phosphorus, and gave a positive test for an a-glycol grouping 
with the periodate spray reagent. This component is considered to be uridine-5’ phosphite. 
Elution of the spots from the chromatogram and comparison of the intensities of ultraviolet 
absorption at 260 my indicated a uridine: uridine phosphite ratio of 1:1. Treatment of 
4-methylmorpholinium 2’: 3’-di-O-acetyluridine-5’ phosphite with saturated methanolic 
ammonia followed by evaporation and paper chromatography showed that deacetylation 
occurred; the product with Ry 0-32 in the system used above was now the major product 
(uridine : uridine phosphite ratio 1 : 9). 

2’ : 3’-O-isoPropylideneadenosine-5’ 2’ : 3’-O-isoPropylideneuridine-5’ Phosphite——The crude 
4-methylmorpholinium 2’ : 3’-O-isopropylideneuridine-5’ phosphite obtained as described 
above (1-34 g.) was dissolved in methyl cyanide (20 c.c.) and rapidly added to a stirred solution 
of diphenyl phosphorochloridate (0-52 c.c., 1 mol.) in methyl cyanide (5 c.c.). After 1 hr., 
2: 6-lutidine (0-33 c.c., 1 mol.) and 2’: 3’-O-isopropylideneadenosine (0-42 g., 0-5 mol.) were 
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added, and the solution was stirred for 2 hr. and then evaporated. The residue was dissolved 
in chloroform (20 c.c.), washed with water, saturated sodium hydrogen carbonate solution, 
saturated potassium hydrogen sulphate solution, and again with water, and dried (Na,SQ,). 
The chloroform solution was evaporated to ca. 2 c.c. and the solution poured into m-pentane 
(100 c.c.). The white precipitate was redissolved in chloroform (2 c.c.) and again precipitated 
by #-pentane (80 c.c.), collected by centrifugation, and dried im vacuo over phosphoric oxide, 
giving 2’ : 3’-O-isopropylideneadenosine-5’ 2’ : 3’-O-isopropylideneuridine-5’ phosphite (0-81 g.) 
as a white powder (Found: C, 47-2, H, 5-0; N, 14-2. C,;H;,0,,N,P requires C, 47-1; H, 5-0; 
N, 15-0%). Ultraviolet absorption in EtOH : Amay. 260 mu; Amin. 235 mu. Paper chromato- 
graphy in propan-2-ol-1% ammonium sulphate solution (3: 2) showed only one component 
(Rp 0-87) to be present. 

2’ : 3’-Di-O-acetyladenosine-5’ 2’ : 3’-di-O-acetyluridine-5’ phosphite was prepared in an 
analogous way from 4-methylmorpholinium 2’ ; 3’-di-O-acetyluridine-5’ phosphite and 2’: 3’- 
di-O-acetyladenosine. 

Adenosine-5' Uridine-5’ Phosphate.—N-Chlorosuccinimide (0-133 g.) was added to a solution 
of 2’: 3’-O-isopropylideneadenosine-5’ 2’ : 3’-O-isopropylideneuridine-5’ phosphite (0-636 g., 
1 mol.) in methyl cyanide (20 c.c.). After 6 hr. a solution of sodium hydrogen sulphite (1 g.) 
in water (20 c.c.) was added together with methyl cyanide (30 c.c.), and the solution stirred 
for 12hr. The solution was evaporated to remove the organic solvent, water (to 50 c.c.) added, 
and the pH adjusted to 1 with 3N-hydrochloric acid. The solution was rapidly extracted with 
chloroform (3 x 50 c.c.), the combined chloroform extracts were evaporated and the residue 
was refluxed for 1} hr. with ethanol (10 c.c.) and N/50-sulphuric acid (35 c.c.). Sulphate was 
removed by addition of the calculated quantity of barium hydroxide solution, the barium 
sulphate centrifuged off, and the supernatant liquid adjusted to pH 8-5 with aqueous ammonia 
and run on to a column (6 cm. x 3 sq. cm.) of Dowex-2 resin (200—400 mesh; formate cycle). 
Elution as previously described with 0-08N-formic acid, followed by concentration and freeze- 
drying of fractions with optical density greater than 0-2 x max. and with optical density 
ratio Dygo/Deg9 = 0-3 + 0-02, gave a white solid (0-246 g.) (Found, in material dried at 100°/0-1 
mm. for 16 hr.: C, 39-5; H, 3:7; N, 16-9. Calc. for C,,H,,0,.N,P: C, 39-8; H, 4-0; 
N, 17-0%). The material was directly compared with an authentic specimen of adenosine-5’ 
uridine-5’ phosphate by paper chromatography (see Table). The ultraviolet absorption 
spectrum was identical with that previously described having Amax, 260 mu, Amin, 231 my in 
N/100-sulphuric acid, and Anax, 260 Mu, Amin. 234 my in N/100 sodium hydroxide. The di- 
nucleoside phosphate was prepared in a similar way from 2’ : 3’-di-O-acetyladenosine-5’ 2’ : 3’- 
di-O-acetyluridine-5’ phosphite and N-chlorosuccinimide, followed by hydrolysis of the phos- 
phorochloridate and removal of the acetyl groups with saturated methanolic ammonia. 

Paper Chromatography of Nucleotide Derivatives—Ascending chromatograms on Whatman 
No. l paper. Solvent systems: I, butan-l-ol—acetic acid—water (5: 2: 3); II, propan-2-ol-1% 
ammonium sulphate (3:2); III, butan-l-ol-acetic acid—water (5:1:3). Results are 
tabulated. 


Ry in solvent system 


I II III 
UGREERO-O" BROMRORS . cnsccicescccssccccocsscconscsvcccsscccoscncceseqeesososscesese 0-28 0-64 
IE, sevinnieniitahentcediersmapenquninescndvinndeeniacditaionssns 0-32 0-43 
FEE CESS MONI ances sncesccccescovesensccscccsccsnescocoseesss 0-22 0-57 
JP EET | PMU, ssc dccsniccecsecescesasconseessssnconeuseeses 0-15 “47 
WORD BND a sccccnccstacscenessisisecerccscssvscovsccccescvesnscieecseose —_— — 0-32 
2’ : 3’-O-tsoPropylideneadenosine-5’ phosphite = ............cceceeeseeeeeeeees 0-70 0-90 
2’ : 3’-O-tsoPropylideneuridine-5’ phosphite .............csccsccscscssessceccses 0-66 0-95 
2’ : 3’-O-isoPropylideneadenosine-5’ 2’ : 3’-O-isopropylideneuridine-5’ 
EN | Stdintveiiecsentudseavesbsdschaeet scccauudieseorssseteccésesensamecssiages 0-89 0-87 
Be EE IND. sh cvesicddcitintccdeccstninicitdittinlanctinanmapiuen 0-85—0-95 0-95 


We are grateful to the Rockefeller Foundation for support of this work and to the Royal 
Commissioners for the Exhibition of 1851 for an Overseas Scholarship held by one of us 
(R. H. H.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, March 7th, 1957.] 
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645. Nucleotides. Part XLII.* The Preparation of the 2’: 5’- 
and 3’: 5'-Diphosphates of Adenosine. 


By F. CraMerR, G. W. KENNER, N. A. HUGHES, and SIR ALEXANDER Topp. 


~? 


ADENOSINE-2’ : 5’ DIPHOSPHATE has been obtained by treating triphosphopyridine 
nucleotide with a pyrophosphatase,' and similar enzymic degradation of coenzyme A 2 has 
yielded adenosine-3’: 5’ diphosphate which is also a constituent part of “active 
sulphate.” 3 The preparation of these two diphosphates was therefore of importance to 
us as part of our researches on nucleotide coenzyme synthesis. Unambiguous synthesis 
of each by using suitably protected intermediates, although doubtless capable of realis- 
ation, would be laborious and the known ease of phosphoryl migration in ribonucleotides 
would be a complicating factor. We therefore decided to phosphorylate adenosine 
directly, using an excess of phosphorylating agent; attack on the primary 5’-hydroxyl 
group was likely to occur first, followed by reaction at position 2’ and/or 3’. Phosphoryl- 
ation at all three positions seemed unlikely to occur to any large extent and in the event no 
trisubstituted material was formed. 

Adenosine was treated with excess of dibenzyl phosphorochloridate in cold pyridine, 
and the product washed with water and then heated with lithium chloride in 2-ethoxy- 
ethanol 4 to remove one benzyl group from each phosphate residue. This partial debenzyl- 
ation was considered a desirable preliminary to complete debenzylation by hydrogenolysis, 
since we have observed that fully benzylated nucleotides are often more resistant to 
hydrogenolysis than the monobenzyl esters. In our first experiments further hydro- 
genolysis proceeded satisfactorily although less than the expected amount of hydrogen 
was absorbed, and a product with.the expected properties was obtained in modest and 
rather variable yield. It seemed likely that this might be due to loss of nucleotidic 
material during the initial aqueous washing of the phosphorylation product, and this step 
was therefore omitted in the preparation described in detail in the Experimental portion. 
A much better yield (33°) was then obtained but it was necessary to add a final alkaline 
treatment, since the product obtained even after prolonged hydrogenolysis still contained 
some ester groups. This whole series of unexpected difficulties can, however, be satis- 
factorily explained. In the first experiments the exceptional reactivity of triesters of 
phosphoric acid containing a vicinal hydroxyl group * doubtless resulted in substantial 
hydrolysis during the washing with water so that only a comparatively small amount of 
neutral material passed on to the later stages in the preparation. Loss of this nature was 
avoided by omitting the aqueous washing but good opportunity for alcoholysis was 
provided during the replacement of pyridine by ethoxyethanol prior to lithium chloride 
treatment. Any ethoxyethyl groups introduced in this way would survive both anionic 
debenzylation and hydrogenolysis, but would be removed by alkali. All the electro- 
phoretic data on the intermediate products accord with these explanations. 

The mixture of adenosine diphosphates was separated from adenosine-5’ phosphate and 
other impurities by ion-exchange chromatography, but the diphosphate mixture could not 
be resolved into its components by this means. Experiments by Drs. R. F. Webb and 
R. J. W. Cremlyn have suggested that counter-current distribution might provide a 
feasible if laborious separation, but we have not proceeded further on these lines. For 
such purposes as the synthesis of triphosphopyridine nucleotide by the carbodi-imide 
method ® separation is in any case hardly worthwhile, since migration of the phosphoryl 


* Part XLI, preceding paper. 


1 Kornberg and Pricer, J. Biol. Chem., 1950, 186, 557. 

2 Wang, Shuster, and Kaplan, ibid., 1954, 206, 299. 

8 Robbins and Lipmann, /. Amer. Chem. Soc., 1956, 78, 2652. 
* Clark and Todd, /., 1950, 2031. 

5 Brown, Magrath, and Todd, /J., 1955, 4396. 

® Hughes, Kenner, and Todd, /., 1957, in the press. 
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group between Cy and Cy would almost certainly occur during the synthesis. For this 
reason we feel it desirable to publish at this stage our method for preparing a mixture of 


adenosine-2’ : 5’ and -3’ : 5’ diphosphate. The mixture has been used successfully in this 
laboratory to prepare both triphosphopyridine nucleotide ® and “‘ active sulphate.” 7 


Experimental.—Adenosine (5-0 g.; dried at 110°/1 mm.) was dissolved in boiling anhydrous 
pyridine (330 c.c.). The solution was cooled quickly to —50°, solidifying without crystallis- 
ation of the adenosine. Dibenzyl phosphorochloridate (from 26 g. of dibenzyl phosphite) was 
added and the mixture was allowed to warm slowly until a clear solution was obtained; this 
was kept at —30° for 5 hr. and at 0° for a further 18 hr. before addition of 2-ethoxyethanol 
(13 c.c.). The pyridine hydrochloride which separated within 30 min. was collected and the 
filtrate was evaporated. After addition of 2-ethoxyethanol (50 c.c.) and re-evaporation, the 
syrup was taken up in ethoxyethanol (100 c.c.) containing anhydrous lithium chloride (12 g.) 
and kept at 100° for 3 hr. with exclusion of moisture. Addition of ether (500 c.c.) to the cooled 
solution precipitated a gum, which was converted into a solid by shaking it with acetone 
(300 c.c.) and ethanol (100 c.c.). The product was centrifuged off and washed twice more with 
ethanolic acetone, a cream-coloured powder (11-0 g.) being obtained. This was hydrogenated 
in 50% aqueous ethanol (250 c.c.) containing acetic acid (2 c.c.) during 4 days at atmospheric 
pressure and temperature with 10% palladised charcoal (1 g.) and palladium oxide (0-2 g.) ; 
most of the hydrogen was absorbed during the first 24 hr. Catalyst was filtered off and 
3n-sodium hydroxide (80 c.c.) was added to the filtrate. After 40 hr. the solution was 
neutralised with dilute hydrochloric acid, extracted with ether (2 x 50 c.c.), and concentrated 
to 150 c.c. The changes brought about by these treatments are indicated by the following 
distances of migration of the major component in paper electrophoresis; after treatment with 
lithium chloride, 5-3 cm.; after hydrogenation, 7-9 cm.; after treatment with alkali, 10-5 cm. 
(during 6 hr. on Whatman no. 54 paper in 0-05mM-disodium hydrogen phosphate at 5 v/cm. ; 
migration of adenosine-5’ phosphate, 6-2 cm.; P!P?-diadenosine-5’ pyrophosphate, 4-6 cm.). 
The solution was passed through a column (20 x 20 cm.*) of Dowex-50 cation-exchange resin 
(lithium form), which was washed with water. When no more light-absorbing (260 my) 
material was eluted, the solution was evaporated. A mixture of acetone (400 c.c.) and ethanol 
(100 c.c.) was added gradually with shaking to the residual syrup, and the solid was centrifuged 
down. It was washed with a second portion of ethanolic acetone before being dried. This 
solid (8-0 g.) was dissolved in water (500 c.c.) and neutralised (pH 7) with sodium hydroxide 
before being adsorbed on a column (10 x 12 cm.*) of Dowex-2 anion-exchange resin (chloride 
form). The column was washed with water (500 c.c.), which was transparent at 260 my, and 
then with 0-003N-hydrochloric acid (2 1.), which removed adenosine-5’ phosphate (0-06 g.). The 
product was subsequently eluted with 0-03N-hydrochloric acid (3 1.), and the eluate was con- 
centrated to 200 c.c. and neutralised (pH 8) with 2N-lithium hydroxide. The syrup obtained 
by evaporating the neutralised solution was treated with acetone (400 c.c.) and ethanol 
(100 c.c.), and the solid product was washed with ethanolic acetone until the washings were free 
from chloride ions. The solid was taken up in water (300 c.c.), and the filtered solution con- 
centrated to 200 c.c. before being passed through a column (7 x 20 cm.*) of Dowex-50 cation- 
exchange resin (hydrogen form). The column was washed with water (800 c.c.) until no more 
light-absorbing (260 mu) material was eluted. The eluate was concentrated to 20 c.c. and 
diluted with acetone (250 c.c.). The flocculent colourless precipitate was allowed to stand for 
several hours before being centrifuged down and dried (2-75 g.) (Found, in material dried at 
60°/1 mm.: C, 30-3; H, 4-0; N, 15-7; P, 14:2. C,,H,,0,9N;P,,$C,;H,O requires C, 30-3; H, 
4-0; N, 15-4; P, 13-6%). On Whatman no. 1 paper in 5% disodium hydrogen phosphate it 
had Ry 0-85 (cf. ref. 2), in propan-2-ol-1% ammonium sulphate (3: 2) Ry 0-48, in butan-1-ol— 
acetic. acid—water (5: 2:3) Rp 0-10. On careful elution with-@-008N-hydrochloric acid from 
Dowex-2 resin, it showed no sign of resolution into two components. 


We acknowledge gratefully a D.S.I.R. Maintenance Allowance (to N. A. H.) and a British 
Council Scholarship (to F. C.). 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 7th, 1957. 


* Pennington, Todd, and Webb, unpublished work. 
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646. cycloHexane Derivatives. Part III.* The Mechanism of 
Catalytic Hydrogenation of Cyclic Compounds and the Skita Rule. 
By R. J. WIcKER. 


THE work described in Part II * has been extended to include the reduction of phenols 
with Adams platinum catalyst at 20° in acetic acid. Examination of the results (Table 1) 
with regard to their conformity with the Skita rule leads to the following observations. 


TaBLE 1. Proportions of isomers produced by catalytic hydrogenation of 


substituted phenols. 
Stable isomer produced (9 
Pe in in AcOH Ni 
_ a ~_ - eS _ 
Phenol reduced A Temp Ref % Temp Time Ref. 
O-CIOBOL 2.2 ccscccessceseesese 75 20 tT 73 160 — ” 
all unstable cis 25 l 68 180 —_ a 
POTOREE  secasscwscnsessesi 51 20 t 55 160 9 hr ¥ 
83 160 l4hr ° 
85 200 — b 
DIORA cncvcccccccccesese 61 20 tT 63 160 —_ ° 
2 180 — a 
p-cycloHexylphenol ... — —: — 54 160 — . 
* Details of these reductions with nickel catalyst are given in Part II. + Present work. 
‘ 


* Jackman, Macbeth, and Mills, J., 1949, 1717. ® Macbeth and Mills, J., 1945, 709. 


o-Cresol, contrary to the rule, gives substantially more of the stable ¢vans-isomer under 
acid or alkaline conditions, with the exception of the result reported by Baker and Schuetz ! 
whose analysis by fractional distillation is probably unreliable. 

With m-cresol the product obtained at 160° in 9 hr. with nickel does not differ 
significantly from that obtained with platinum and acetic acid, which is not in agreement 
with the rule. The higher percentages of stable isomer obtained at 160° in 14 hr. and at 
200° are due to isomerisation, which is favoured by the increased contact time with the 
catalyst in one case, and the higher temperature in the other. Similarly -cresol gives 
almost identical products with platinum and acetic acid and with nickel at 160°, which 
does not conform with the rule. A higher proportion of the stable trans-isomer is formed 
at 180°, owing to isomerisation. 

Many years ago Vavon and Bertin* showed that the ual hy drogenate via the 
corresponding cyclohexanones. They considered that each molecule is hydrogenated to 
the ketone, which is then desorbed back into the solution where it competes with the 
remaining phenol for hydrogen. In this event it would be expected that identical products 
would be obtained from reduction of cresols and the corresponding methylcyclohexanones. 
The results shown in Table 2 are not in accordance with this prediction. If one assumes, 


TABLE 2. Proportions of isomers produced by catalytic hydrogenation of substituted 
cyclohexanones * and phenols with platinum in acetic acid at 20°. 


Compound reduced Stable isomer (°,) Compound reduced Stable isomer (°,) 
2-Methylcyclohexanone ...... 30 ig TT TN 75 
3-Methylcyclohexanone ...... 75 WCHOBOL 2... cccccrcccevescccccsosces 51 
4-Methyleyclohexanone ...... 53 PEE cvciccncsncssscevicstacete 61 


* Details of the ketone reductions are given in Part II. 


however, that the transition occurs, not only as Vavon and Bertin suggest, but also via the 
enolic form of the ketone, the reduction of the enol may occur whilst the compound is still 


* Part II, J., 1956, 2165. 


1 Baker and Schuetz, J. Amer. Chem. Soc., 1947, 69, 1250. 
? Vavon and Bertin, Bull. Soc. chim. France, 1925, (4), 37, 296. 








3300 Notes. 


absorbed on the active centres of the catalyst. If it is assumed that this reaction occurs to 
some extent, it will be seen from Table 4 in Part II (in which the expected preponderance 
of isomer from the reductions of erolic and ketonic forms of ketones is shown) that the 
proportions of stereoisomers produced will differ from those obtained when the corre- 
sponding methylcyclohexanones are reduced, since these exist essentially in the ketonic 
form. 

The results obtained in this and the earlier papers of this series have been more fully 
discussed, and possible mechanisms for hydrogenations of simple carbocyclic compounds 
outlined elsewhere.* 

From a practical point of view the major factor controlling the proportion of isomers 
from hydrogenation of a phenol or cyclohexanone appears to be the encouragement or other- 
wise of isomerisation, and the following practical rules are suggested: (a) To obtain a 
preponderance of the more stable isomer, hydrogenation should be with an alkaline 
catalyst (preferably nickel) or with Adams platinum catalyst which has not been acid- 
treated, and acid solvents must not be used. The temperature should be as high as is 
permissible without causing undesirable side reactions. The experiment should be 
prolonged beyond the point at which hydrogen absorption is complete in order to permit 
isomerisation to take place. (0) To obtain a preponderance of the less stable isomer the 
reaction should be at room temperature, and should be stopped as soon as hydrogen 
absorption ceases. Prolongation of the experiment in order to reduce the last traces of 
unsaturated compound is undesirable since isomerisation may then occur. Reduction of 
the ketone with nickel is preferable to reduction of either the ketone or the corresponding 
phenol with Adams catalyst in acetic acid. 


Experimental.—Diazo-coupling was used for detecting phenols in reduction products. 

Platinum catalyst was removed by decantation, nickel by filtration through a bed of 
kiesulguhr supported on asbestos wool. 

Commercial cresols (from Monsanto Chemical Co.) were distilled and an 80° middle fraction 
was collected. This gave o-cresol, f. p. 30-5°, m-cresol, f. p. 11-0°, p-cresol, f. p. 34-:0°. The 
authentic f. p.s are 30-60°, 11-10°, and 34-55° respectively.‘ 

Hydrogenations with Adams platinum catalyst. These were carried out as described in 
Part II, but whereas in the case of ketones conversions were almost quantitative, the cresols 
yielded simultaneously methylcyclohexane (20—25%), as has been found by previous workers.? 

(1) o-Cresol (25 g.) in glacial acetic acid (20 ml.) and Adams catalyst (2-5 g.) was hydrogen- 
ated at 20°/l atm. The 2-methylcyclohexanol produced had d?° 0-9199 and therefore contained 
75% of trans-2-methylcyclohexanol (ketone and phenol absent). 

(2) m-Cresol treated similarly gave 3-methylcyclohexanol, d%° 0-9104, containing 51% of 
cis-isomer (ketone and phenol absent). 

(3) p-Cresol gave 4-methylcyclohexanol, d*° 0-9092, containing 61% of trans-isomer (ketone 
and phenol absent). 

(4) 4-cycloHexylphenol. Three attempts to hydrogenate this compound in glacial acetic 
acid gave incompletely reduced products. 


I thank the Directors of Messrs. Howards of Ilford for permission to publish this paper. 


RESEARCH DEPARTMENT, HOWARDS OF ILFORD LTD., 
ILFoRD, Essex. [Received, October 8th, 1956.} 


* R. J. Wicker, Ph.D. Thesis, London University, 1956. 
* “ Physical Properties of Organic Compounds,’’ Amer. Chem. Soc., New York, 1955. 
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647. Kinetics of the Bromination of Iodo-ethers by Hypobromous 
Acid. 


By S. J. BRANCH and BRYNMOR JONES. 


In a recent extensive study ' of the kinetics of the bromination of aromatic ethers by 
hypobromous acid in 75% acetic acid it was hoped to include data for a number of iodo- 
ethers. It was found however that a deep colour appeared when solutions of 4-bromo-2- 
iodoanisole (0-00250 mole 1.-!) and hypobromous acid (0-00746 mole 1.-1) in 75% acetic 
acid were mixed at 20°, and that this almost instantaneous reaction was accompanied by 
no immediate fall in titre when portions of the solution were added to aqueous potassium 
iodide and titrated against thiosulphate. Instead, a slow fall with time was observed. 
Results typical of many obtained are given below. 


Bromination of 4-bromo-2-iodoanisole by HOBr at 19-8°. 
[Ether] = a; [HOBr] = 8. 
Estimated titre for HOBr before mixing = 14-90 ml. of thiosulphate. 
Titre (ml.) of 


Time (sec.) 0-00505N-thiosulphate (a — x) (6 — 2a — x) hos 
0 14-88 . 0-00250 0-00246 — 
1760 14-36 0-00223 0-00219 0-0294 
4800 13-65 0-00188 0-00184 0-0288 
8200 12-98 0-00155 0-00151 0-0296 


The values of f,; in the last column were derived by assuming that the initial rapid reaction 
led to the formation of an iodoso-compound, 


Rapid 
MeO-C,H,Bri + 2HOBr — MeO-C,H,BrlO+Br,+H,O .... . (i) 


and that this reaction was followed by a slow nuclear bromination of the iodoso-ether : 


slow 
MeO:C,H,Br-lO + HOBr ——» MeO:C,H,Br,"lO + H,O © ts & J 


Such behaviour would account for the red coloration, and also for the initial absence of 
fall in the titre. Both products of reaction (1) can be titrated against thiosulphate after 
the addition of potassium iodide since 


Br, + 2HlI ——» 2HBr + I, i nadine sak aie ae, ae 
R10 + Wp HO+ 2... ew 


Reaction (4) is practically irreversible, and has been used for the quantitative estimation 
of iodoso-compounds.* If equations (1) and (3) are combined with (4), then : 


2HOBr + 4HI = 21, + 2H,O + 2HBr 


and, since 2HOBr = 2I,, no fall in titre would be expected unless hypobromous acid is 
also removed slowly in accord with reaction (2). It therefore seems probable that the 
bimolecular constant refers to the rate of bromination of 4-bromo-2-iodosoanisole. Recent 
studies * have shown that the iodoxy-group is strongly electron-attracting, and if the 
iodoso-group is similarly electron-attracting, a value of 0-029 seems reasonable for the 
bromination of a compound such as the bromoiodoanisole. Some support for the view 


1 Branch and Brynmor Jones, J., 1954, 2317; 1955, 2921. 

2 Sandin, Chem. Rev., 1943, 32, 249. 

% Masson, Race, and Pounder, J., 1935, 1669; Bothner-By and Medalia, J. Amer. Chem. Soc.,-1952, 
74, 4402. 
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that the red colour does not arise from the displacement of iodine is provided by the fact 
that the observed coefficient does not correspond with the rate for the bromination of 
either 2:4-dibromoanisole (0-373 1. mole“! sec.) or -bromoanisole (approx. 68-0 
1. mole sec.~'). 





Experimental.—4-Bromo-2-iodoanisole was prepared by direct iodination. A solution of 
p-bromoanisole (10 g.) in chloroform (25 c.c.) containing iodine (13-6 g.) was stirred at room 
temperature with mercuric oxide (13 g.) and sulphuric acid (5c.c.) for 12hr. After the sediment 
had been filtered and washed with ether, the filtrate was shaken with thiosulphate, and the 
ether layer was dried (Na,SO,)._ Evaporation of the solvent yielded a solid which, after several 
crystallisations from ligroin, separated in almost colourless plates, m. p. 64°. 


One of the authors (S. J. B.) is indebted to the Department of Scientific and Industrial 
Research and to the Worfield Trustees for maintenance grants. 


THE UNIVERSITY OF HULL. [Received, January 22nd, 1957.) 


648. The Reaction of the Double Grignard Reagent of 
1 : 4-Dibromobutane with 2 : 3-Dichlorotetrahydropyran. 


By M. F. ANsELL and D. A. THoMas. 


THE method of chain extension by four or five carbon atoms by treatment of an alkyl- or 
aralkyl-magnesium halide with 2 : 3-dichlorotetrahydro-furan or -pyran and ring scission 
of the 2-alkyl- or aralkyl-3-chloro-intermediate is well established, and has been applied 
to two successive extensions by four? or five * carbon atoms. The availability of double 
Grignard reagents * suggested the simultaneous extension of a carbon chain by ten carbon 
atoms. We therefore treated 2: 3-dichlorotetrahydropyran (I) with an excess of the 
double reagent from 1 : 4-dibromobutane (II), obtaining 2-butvl-3-chlorotetrahydropyran 


S: + BrMg-iCH MgB —_ g: —_ 2 
rMg- . 
cl ral a], gor . [CH,],-MgBr Bu" 


oO 
(1) (11) (IIT) 


HO-[CH,],-CH:CHBu" (IV) 
(x _) 
™ [cH], 07 [HO-CH,-CH,*CH,*CH:CH-CH, CH}, why 


(III), identified by conversion into trans-non-4-en-l-ol (IV) together with a mixture of 
stereoisomeric 1 : 4-di-(3-chlorotetrahydropyran-2-yl)butanes (V). The latter gave, on 
ring scission with sodium, tetradeca-4 : 10-diene-1 : 14-diol (VI) which is probably trans- 
trans as both double bonds arise by the fission of pyran rings.” Its structure was confirmed 
by hydrogenation to the known tetradecane-1 : 14-diol. 

Similar chain extension by ten carbon atoms has been effected by Riobé and Gouin 5 


1 Crombie and Harper, (a) J., 1950, 1707, (6) J., 1950, 1714. 

? Ansell and Selleck, J., 1956, 1238. 

* Crombie, Harper, Gold, and Stokes, J., 1956, 136. 

* Nenitzescu and Necsoiu, J. Amer. Chem. Soc., 1950, 72, 3483. 
* Riobé and Gouin, Compt. rend., 1956, 248, 1424. 
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using dimagnesioacetylene dibromide and 2 : 3-dichlorotetrahydropyran, and analogously 
by eight carbon atoms from 2 : 3-dichlorotetrahydrofuran. 


Experimental.—1 : 4-Di-(3-chlorotetrahydropyran-2-yl)butane. The double Grignard reagent * 
(0-51 mole by estimation *) from 1: 4-dibromobutane? (130 g., 0-6 mole) and magnesium 
(44 g., 1-8 g.-atoms) in ether (600 ml.) was left overnight and the organic material (two layers) 
then decanted from the residual magnesium and treated (Hershberg stirrer) with 2 : 3-dichloro- 
pyran 14 [from 2 : 3-dihydropyran (67-2 g., 0-8 mole)] in ether (160 ml.) at such a rate that steady 
refluxing was maintained. After being boiled and stirred for a further 3 hr. the mixture was 
cooled and decomposed by pouring it on ice-ammonium chloride. The ether layer was separated 
and the aqueous layer extracted with ether. Distillation of the dried (MgSO,), combined, 
concentrated extracts gave a fraction (26 g.), b. p. 40—80°/1 x 10% mm., followed, after an 
intermediate fraction (6 g.), by a mixture of the stereoisomeric 1 : 4-di-(3-chlorotetrahydropyran- 
2-yl)butanes (64 g., 59%), b. p. 110—170°/1 x 10? mm., n? 1-4910 (Found : C, 57-4; H, 8-35; 
Cl, 23-65. Calc. for C,,H,,O,Cl, : C, 57-15; H, 8-15; Cl, 24-15%). 

Redistillation of the first fraction gave a mixture of cis- and trans-2-butyl-3-chlorotetrahydro- 
pyran (19-5 g., 15%), b. p. 80—102°/11 mm., uP 1-4592—1-4664. Crombie and Harper '4 
record b. p. 83—108°/11 mm., n?? 1-4532—1-4670. With sodium ' this gave trans-non-4-en-1-ol 
(11 g.), b. p. 103—104°/14 mm., n® 1-4494—1-4496; 3 : 5-dinitrobenzoate [from ice-cold light 
petroleum (b. p. 40—60°)], m. p. and mixed m. p. 32° (authentic specimen, prepared from a 
sample of alcohol having n?? 1-4482, had m. p. 31-5—32°). Crombie and Harper "4 record b. p. 
101—105°/13 mm., n?? 1-4476; Paul and Riobé ® record b. p. 108-5°/17 mm., ni® 1-4494; 3: 5- 
dinitrobenzoate, m. p. 33°. 

Tetradeca-4 : 10-diene-1 : 14-diol. Sodium (20-5 g., 0-9 g.-atom) was powdered under 
xylene, then thoroughly rinsed with ether and covered with the same solvent (50 ml.). A little 
1 : 4-di-(3-chlorotetrahydropyran-2-yl)butane was added and the suspension stirred until 
reaction commenced. The remaining 1 : 4-di-(3-chlorotetrahydropyran-2-yl)butane (60 g. in 
all, 0-2 mole) in ether (200 ml.) was then added at such a rate that steady refluxing 
was maintained. The thick blue suspension was stirred and heated under reflux for a further 
5 hr., then cooled, and ice and water were cautiously added. The ether layer was separated and 
the aqueous layer extracted with ether. After being washed, dried (MgSO,), and concentrated 
the product was distilled to give tetradeca-4 : 10-diene-1 : 14-diol (38 g., 82%), b. p. 155—165°/ 
0-1—0-15 mm., which solidified. The analytical sample had b.p. 158—164° /0-1—0-15 mm., m. p. 
40° [from ice-cold ether-light petroleum (b. p. 40—60°)] (Found: C, 74-55; H, 11-7. C,,H,,O, 
requires C, 74-3; H, 11-6%). Hydrogenation at atmospheric pressure in the presence of Adams 
catalyst gave tetradecane-1 : 14-diol, m. p. 84—85° (from ethanol) (Found: C, 72-8; H, 12-9. 
Calc. for C,4,H 3,0, : C, 73-0; H, 13-1%). Wojcik and Adkins *® record m. p. 85° and Carothers 
and McEwen,!® m. p. 83—85°. 


The authors are indebted to the Ministry of Education for a maintainance grant (to D. A. T.). 


QUEEN Mary COLLEGE, UNIVERSITY OF LONDON, 
MILE Enp Roap, Lonpon, E.1. (Received, February 4th, 1957.] 


* Gilman, Wilkinson, Fishel, and Meyers, J. Amer. Chem. Soc., 1923, 45, 150. 
7 Wilson, J., 1945, 48. 

® Paul and Riobé, Compt. rend., 1947, 224, 474. 

* Wojcik and Adkins, /. Amer. Chem. Soc., 1933, 55, 4939. 

1° Carothers and McEwen, Org. Synth., Coll. Vol. II, 154. 
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649. The Synthesis of a 1:5-Dienoic Acid and its Behaviour 
with Hot Alkali. 


By B. M. A. DE SuRvVILLE, D. E. A. Rivett, and D. A. Sutton. 


In 1942, Farmer ! stated that isoprenic hydrocarbons containing 1 : 5-diene groups, such 
as squalene, dihydromyrcene, and rubber failed to give conjugated isomers when treated 
with alkali under conditions which succeeded with linoleic and linolenic acids. This 
statement was based on unpublished experiments by Farmer and Sutton who used 
refractive-index and density measurements to show that the hydrocarbons were unchanged. 
Later, the observation that squalene does not give a conjugated isomer when treated with 
alkali at 180° in ethylene glycol was confirmed in this laboratory,? by ultraviolet 
spectroscopy. From the behaviour of squalene it has been assumed that acids containing 
the di-cts-system *CH:CH-CH,°CH,°CH:CH: would not become conjugated when treated in 
the same way. 

It was important to check this assumption, since the hexadecatetraenoic acid,® eicosa- 
pentaenoic acid,* and docosahexaenoic acid * of pilchard oil do not contain penta-1 : 5-di- 
enyl groups, whereas other workers have reported their presence in similar natural acids.® 

Squalene is a poor model substance in relation to natural fatty acids since it has a 
methyl branch attached to each diene system and no carboxyl group. For this reason, we 
have synthesised trideca-cis-5 : cis-9-dienoic acid, using Strong’s unambiguous acetylenic 
route.” (Since the natural acids are usually all-cis and as the isomerisation of methylene- 
interrupted systems containing trans double bonds is slower,§ we have confined ourselves 
to an all-cis model.) Its structure was confirmed by ozonolytic degradation to glutaric 
and succinic acids and by hydrogenation to n-tridecanoic acid. The acid was shown to be 
substantially pure by reverse-phase chromatography on non-wetting kieselguhr.® The 
predominantly cis-configuration of the double bond was demonstrated by the absence of 
any large infrared band near 10-3 p. 

After treatment with 21% potassium hydroxide in ethylene glycol at 180° for 30 min.?° 
less than 2% of conjugated diene was formed. As the result of oxidative degradations 
Toyama and his co-workers proposed penta-1 : 5-dienyl structures for some of the highly 
unsaturated acids from fish oils and certain other natural materials.11 They reported !* 
that these acids undergo isomerisation with alkali. Our result makes these structures 
unlikely. 


Experimental.—1-Chlorododeca-4 : 8-diyne. Nona-1 : 5-diyne ™* (25 g.) in dry ether (25 ml.) 
was slowly added to a stirred suspension of sodamide in liquid ammonia (650 ml.), prepared 
from sodium (4-7 g.) in the presence of ferric nitrate (0-06 g.), and insulated with cotton waste. 
After 2 hours’ stirring 1-chloro-3-iodopropane (29 g.) in dry ether (25 ml.) was added dropwise 
and the solution then stirred for 44 hr., ammonia being added periodically to keep the volume 
constant. The mixture was set aside overnight without insulation, most of the ammonia 


Farmer, Trans. Faraday Soc., 1942, 38, 356. 
Silk, Hahn, and Whitcutt, unpublished work. 
Silk and Hahn, Biochem. J., 1954, 57, 582. 
Whitcutt and Sutton, Biochem. ]., 1956, 63, 469. 
Whitcutt, unpublished work. 
Herb, J]. Amer. Oil Chemists’ Soc., 1955, 32, 153. 
Strong et al., J. Amer. Chem. Soc., 1950, 72, 4263, and previous papers. 
Wheeler, J. Amer. Oil Chemists’ Soc., 1952, 29, 229. 
Silk and Hahn, Biochem. J., 1954, 56, 406; Crombie, J., 1955, 3510. 
‘* Official and Tentative Methods of the American Oil Chemists’ Society,’’ Chicago, 2nd edn., 
1946, revised 1951, C—d, 7—48. 
11 Hilditch, ‘‘ The Chemical Constitution of Natural Fats,’’ Chapman and Hall, London, 1956, 
. 539. 
12 Toyama and Shimo-Oka, Mem. Fac. Eng., Nagoya Univ., 1954, 5, 323. 
13 Raphael and Sondheimer, J., 1950, 120. 
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evaporating. Pentane and water were added, the aqueous phase was extracted with pentane, 
and, the combined organic extracts were washed with dilute sulphuric acid, sodium hydrogen 
carbonate solution, and water, and dried. Removal of the solvent and distillation of the residue 
gave unchanged nona-] : 5-diyne, b. p. 67°/20 mm. (12-5 g.), and 1-chlorododeca-4 : 8-diyne, b. p. 
107—108°/20 mm. (7-5 g.). The yield is poor because chloroiodopropane is the limiting case 
in this type of reaction.’ 

Trideca-5 : 9-diynoic acid. A solution of 1-chlorododeca-4 : 8-diyne (7-5 g.) in ethanol 
(100 ml.) containing sodium cyanide (4-8 g.) was refluxed for 98 hr. under nitrogen, sodium 
hydroxide (3 g.) in water (20 ml.) then added, and the mixture refluxed for a further 90 hr. The 
acid fraction (7 g.) was extracted with ether and crystallised from hexane, to give the acid 
(5-2 g.), m. p. 41-2—41-6° (Found: C, 75-9; H, 9-1%; equiv., 207. C,,;H,,O, requires C, 75-7; 
H, 8-8%; equiv., 206). 

Trideca-cis-5 : cis-9-dienoic acid. The diacetylenic acid on hydrogenation in ethyl acetate 
over Lindlar catalyst absorbed 2-08 mols. of hydrogen and was converted into the diethylenic 
acid, m. p. —46-5° to —45-5° (Found : C, 74-0; H, 10-7%; equiv., 210; I no., 241. C,,;H,,0, 
requires C, 74-25; H, 10-5%; equiv., 210; I no., 243). 

Hydrogenation of the diacetylenic acid in ethanol with Adams catalyst followed by crystallis- 
ation of the product from hexane afforded tridecanoic acid, m. p. 41-4—41-6° (Found : C, 73-0; 
H, 12-1%; equiv., 215. Calc. for C,,H,,O,: C, 72-9; H, 12-2%; equiv., 215). The recorded 
m. p.'4 for tridecanoic acid is 41-76°. 

Excess of bromine was added to a hexane solution of the diethylenic acid; the precipitated 
tetvabromo-acid, recrystallised twice from dichloroethane, had m. p. 119—120° (Found : C, 29-4; 
H, 4-4; Br, 60-4. C,,H,,O,Br, requires C, 29-45; H, 4-2; Br, 60-3%). 


We thank Miss P. M. Hughes for the microanalyses, Miss W. Albrecht for the infrared 
spectrum, Dr. S. C. Mossop for the m. p. of the diethylenic acid, and the South African Council 
for Scientific and Industrial Research for permission to publish the paper. 


NATIONAL CHEMICAL RESEARCH LABORATORY, 
VISAGIE STREET GOVERNMENT BUILDINGS, 
PRETORIA, S. AFRICA. [Received, February 4th, 1957.) 


4 Ralston, ‘ Fatty Acids and their Derivatives,’’ John Wiley and Sons, New York, 1948, p. 323. 





650. Some Derivatives of 2-2'-Aminoethylglyoxaline. 
By P. C. JocELyn. 


2-2’-AMINOETHYL-1-METHYLGLYOXALINE, required for a study of histamine-like com- 
pounds, was synthesised from 2-hydroxymethyl-l-methylglyoxaline ! by conversion via 
the corresponding 2-chloromethyl- into the cyanomethyl-derivative, followed by hydro- 
genation with lithium aluminium hydride. 

With the object of preparing related dihydroglyoxalines, the di-8-phthalimidopropion- 
ates of ethylenediamine, N-methylethylenediamine, and 1-amino-2-methylaminopropane 
(prepared from l1-amino-2-chloropropane hydrochloride ? by treatment with methylamine) 
were heated with their corresponding dihydrochlorides at 200°. The reaction did not 
proceed as expected (see, ¢.g., ref. 3), In the case of ethylenediamine, diphthalimido- 
ethane resulted, but the other two diamines gave their N-phthaloyl derivative hydro- 
chlorides. 

Ethyl §-phthalimidopropionimidate hydrochloride (prepared from §-phthalimido- 
propionitrile *) also gave no dihydroglyoxaline on treatment at low temperatures with the 


1 Grindley and Pyman, /., 1927, 3128. 

2 Jones, Langsjoen, Neumann, and Zomlefer, J. Org. Chem., 1944, 9, 125. 
3 Waldmann and Chwala, Ber., 1941, 74, 1763. 

* Galat, J. Amer. Chem. Soc., 1945, 67, 1414. 
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free diamines although in other respects this substance behaved as a typical imidate 
hydrochloride, yielding ethyl 8-phthalimidopropionate with water and the corresponding 
amide above its melting point. 


Experimental.—1-Methylglyoxaline. Rung and Behrend’s method § gives yields below 30%. 
Much improved yields were obtained as follows. Glyoxaline (10 g.) was dissolved in a solution 
from sodium (3-7 g.) in ethanol (70 ml.), and methyl iodide (23 g.) was added during 1 hr. with 
stirring at 0°. After 12 hr. at 15° the solvent was evaporated and the residue extracted with 
chloroform. Drying, evaporation, and distillation gave l-methylglyoxaline (7-7 g., 75%), 
b. p. 93°/13 mm. 

2-Hydroxymethyl-1-methylglyoxaline. Pyman’s method ' was modified as follows : Formal- 
dehyde was bubbled through 1-methylglyoxaline (23-5 g.) at 160—170° until 8-5 g. had been 
absorbed (about 2 hr.). The liquid remaining was distilled; after a forerun, the product 
(10 g., 36%) was collected at 145°/1 mm. and slowly solidified (m. p. 114°; Pyman gives m. p. 
116°). 

2-Chloromethyl-1-methylglyoxaline hydrochloride. 2-Hydroxymethyl-1-methylglyoxaline 
(2-0 g.) was added during 15 min. to thionyl chloride (4-0 g.) with shaking and cooling. The 
solution was refluxed for 15 min., the excess of thionyl chloride evaporated, and the residue 
dissolved in hot ethanol (5 ml.). The product (2-5 g.) crystallised and had m. p. 168° (Found : 
Cl, 42-0. C;H,N,Cl, requires Cl, 42-5%). 

2-Cyanomethyl-1-methylglyoxaline. 2-Chloromethyl-l-methylglyoxaline (2-8 g.) in ethanol 
(12 ml.) was added in 30 min. to a solution of potassium cyanide (9-0 g.) in water (10 ml.) with 
stirring at —10°. After 15 hr. at 15°, anhydrous sodium carbonate (2 g.) in water (10 ml.) was 
added to the filtered solution. The water and ethanol were evaporated and the crude product 
was isolated from the residue as a dark oil by extraction with ethyl acetate and evaporation 
after drying. The precipitate obtained by adding picric acid solution to the oil was dissolved 
in hot water, treated with charcoal, and filtered. 

2-Cyanomethyl-1-methylglyoxaline picrate (2-3 g.) crystallised and had m. p. 165—166° 
(Found: C, 41-6; H, 2-8; N, 23-4. C,,H,9O;N, requires C, 41-2; H, 2-85; N, 24-0%). 

2-2’-A minoethyl-1-methylglyoxaline. The base (0-5 g.) prepared from 2-cyanomethyl-1- 
methyl glyoxaline picrate, in ether (70 ml.), was added in 15 min. to lithium aluminium hydride 
(0-5 g.) in ether (100 ml.), and the solution refluxed for 1 hr. Ethanol (40 ml.) was slowly 
added and the solvents were evaporated from the filtered solution. The residue was dissolved 
in water and neutralised with acetic acid, and the product isolated as the dipicrate (0-5 g., 20%), 
m. p. 196° (Found: N, 22-2. C,,H,;0O,,N, requires N, 21-6%). This was converted into the 
dihydrochloride, m. p. 262—263° (Found: N, 20-9; Cl, 35-3. C,H,,N,Cl, requires N, 21-3; 
Cl, 35-8%). 

1-Amino-2-methylaminopropane. 1-Amino-2-chloropropane hydrochloride (11 g.) and 25% 
aqueous methylamine solution (40 ml.) were kept at 15° for 12 hr., then refluxed for 12hr. The 
liquid was distilled, 30 ml. of distillate being collected and saturated with potassium hydroxide. 
The separated upper layer was dried and distilled, the product (2-7 g.) being collected at 110— 
113° (Found: N, 31-5. C,H,,N, requires N, 31-8%). It was converted into the dihydro- 
chloride, m. p. 163—164° (Found: N, 17-2; Cl, 43-9. C,H,,N,Cl, requires N, 17-4; Cl, 44-2%). 

Preparation of the diamine di-8-phthalimidopropionates. To a solution of the diamine in 
ethanol was added 8-phthalimidopropionic acid (2 mols.) in ethanol. After 2 hr. at 0° the 
product was collected and recrystallised from ethanol. Thus were prepared the di-8-phthal- 
imidopropionates of ethylenediamine, m. p. 164° (Found: N, 11-0. C,,H,,0,N, requires 
N, 11-3%), N-methylethylenediamine, m. p. 142° (Found: C, 58-5; H, 5-5; N, 10-8. 
C,5H,,0,N, requires C, 58-5; H, 5-5; N, 10-9%), and l-amino-2-methylaminopropane, m. p. 
141° (Found: C, 59-3; H, 5-8; N, 10-2. C,,H,,0,N, requires C, 59-5; H, 5-7; N, 10-65%). 

These salts were mixed with an equal weight of dihydrochloride of the same base and heated 
at 200° for 30min. After covuling, the viscous mixture was dissolved in hot ethanol; the product 
crystallised from the filtered solution. Thus were obtained: from ethylenediamine, di- 
phthalimidoethane, m. p. and mixed m. p. with an authentic specimen,* 243°; from N-methyl- 
ethylenediamine, 1-methylamino-2-phthalimidoethane hydrochloride, m. p. 240° (Found : C, 55-1; 


5 Rung and Behrend, Annalen, 1892, 271, 28. 
* Gabriel, Ber., 1887, 20, 2224. 
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H, 5-5; N, 11-8. C,,H,30,N,Cl requires C, 55-0; H, 5-4; N, 11-65%); and from l-amino-2- 
methylaminopropane, 2-methylamino-1-phthalimidopropane hydrochloride, m. p. 242° (Found : 
C, 56-6; H, 5-7; N, 10-8. C,,H,,0,N,Cl requires C, 56-6; H, 5-9; N, 11-0%). 

Ethyl §-phthalimidopropionimidate hydrochloride. §$-Phthalimidopropiononitrile (70 g.) 
was stirred in chloroform (300 ml.) and ethanol (15 ml.) at — 10° while hydrogen chloride was 
passed through the solution, the temperature being kept below 0° until saturation. After 
24 hr. at 0° the chloroform was evaporated. The product, recrystallised from anhydrous ethanol, 
had m. p. 110—111° (Found: N, 9-6; Cl, 12-0. C,,;H,,0,N,Cl requires N, 9-9; Cl 12-6%). 
When the compound was dissolved in water, ethyl $-phthalimidopropionate, m. p. 73°, rapidly 
crystallised (m. p. undepressed by admixture with an authentic specimen,’ m. p. 73°). 

8-Phthalimidopropionamide. (i) 8-Phthalimidopropionyl chloride was dissolved in benzene 
and poured into aqueous ammonia (d 0-88) with stirring. The precipitate was collected and 
recrystallised from ethanol, to yield the product, m. p. 201° (Found: N, 13-2. C,,H,,0,N, 
requires N, 12-9%). (ii) Ethyl §-phthalimidopropionimidate hydrochloride was heated at 
120° until the liquid resolidified. The product, recrystallised from ethanol, had m. p. 201°, 
undepressed by a specimen prepared as above. 


DEPARTMENT OF CLINICAL CHEMISTRY, 
ROYAL INFIRMARY, EDINBURGH. (Received, February 25th, 1957.) 


7 Gabriel, Ber., 1905, 38, 633. 


651. Ring Expansion. Part II4 The Attempted Preparation of 
a Bicyclic Tropolone from spiro[5 : 6|Dodecane-3 : 4-dione. 
By R. H. Burnett and W. I. Taytor. 


In Part I! it was shown that spiro'5 : 5jundeca-l : 4-diene-3-one underwent the dienone— 
phenol rearrangement to form benzocyclohepten-2’-ol. This led us to attempt a formally 
similar reaction the conversion of spiro[5 : 6)dodeca-1 : 5-diene-3 : 4-dione (I) into the 
bicyclic tropolone (II). If such a transformation could be realised then a feasible synthesis 
for colchicine could be envisaged.? For this purpose siro[5 : 6)dodecane-3 : 4-dione was 
required as starting material. Ring closure of diethyl cyclohexane-1 : 1-bis-8-propionate, 
by the high-dilution technique developed for the preparation of cyclic acyloins, afforded 
traces of the dione of questionable purity. That 3 : 3-disubstitution of a pimelate is at 
least partially responsible for the low yield of cycloheptanedione by the acyloin procedure 
was confirmed when it was found that the 3-ethyl-3-methyl derivative gave a 7% yield of 
dione which should be compared with 57% for the unsubstituted pimelate,* which we have 


° ©) «CIV : R=H 
(1) (ul) : 

duplicated. Ring expansion with diazomethane, of 4-benzyl-4-methylcyclohexanone as 
an example, followed by oxidation with selenium dioxide to furnish the dione, was also 


unpromising. Naumov and Perminova * have shown, and this has been confirmed, that 
condensation of diethyl pimelate and diethyl oxalate under the correct conditions gave 


1 Part I, J., 1954, 3486. 

2 Burnell, Ph.D. Thesis, New Brunswick, Canada, 1955. 

* Cram and Knight, J. Amer. Chem. Soc., 1951, 78, 4136. 

* Naumov and Perminova, Acta Univ. Asiae Mediae, 1937, VI, Fasc. 28, 1. 
5 Cook, Loudon, and Steel, J., 1954, 530. 
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diethyl 2 : 3-dioxocycloheptane-l : 4-dicarboxylate which was then converted by acid- 
catalysed hydrolysis and decarboxylation into cycloheptane-1 : 2-dione. In our hands 
diethyl pimelate, its 3-ethyl-3-methyl derivative, and diethyl cyclohexane-] : 1-bis-$- 
propionate gave the corresponding dioxocycloheptanedicarboxylates in 83, 19, and 7%, 
yield respectively. Refluxing these esters in dilute sulphuric acid gave the diones in 
fairly good yield. 

Bromination and subsequent dehydrobromination of both the compounds (III) and (IV) 
failed to give the desired dienedione (I). The products were oily and acid treatment gave 
neither ultraviolet absorption spectra nor colour reactions consistent with the presence of 
a tropolone. These and studies on related compounds are covered in detail by Burnell.” 
Catalytic dehydrogenation was also tried without success. 


Experimental.—Ultraviolet spectra were measured for EtOH solutions. 

3-A cetyl-3-methylpimelic acid. WHydrolysis of 3-acetyl-3-methylpimelonitrile with 15% 
aqueous potassium hydroxide under reflux gave the diacid (79%), m. p. 129° (from ethylene 
dichloride) (Found: C, 55-6; H, 7-5. Calc. for C,9H,,0O;: C, 55-5; H, 7-5%). 

3-Ethyl-3-methylpimelic acid. The above acid (88 g.), potassium hydroxide (68-2 g.), and 
64% hydrazine hydrate (61 ml.) were refluxed together for 8 hr. The excess of hydrazine and 
water were distilled off until the temperature reached 207°, after which the residue was refluxed 
for a further 3 hr. The cooled solution was poured into water (2 1.), acidified, and extracted 
with ether which yielded the acid (55 g.), m. p. 112-5° (from ethylene dichloride) (Found : C, 59-3; 
H, 8-9. C, 9H,,O, requires C, 59-4; H, 8-99%). The diethyl ester had b. p. 164—169°/15 mm. 
(Found: C, 64-5; H, 9-9. C,,H,,O, requires C, 65-1; H, 10-1%). 

Ethyl 5-ethyl-5-methyl-2-oxocyclohexanecarboxylate. To sodium (7-3 g.) in dry ethanol 
(250 ml.) was added slowly the above diester (41 g.), then the whole was refluxed for 
3 hr., ethanol removed im vacuo, and the residue heated in vacuo at 130—140° for 4 hr. 
Addition of water to the cooled product gave an insoluble sodium salt (50 g.) from which the 
carboxylate (28 g.), Amax. 257 my (e 10,000), was liberated by dilute hydrochloric acid (Found : 
C, 68-0; H, 9-6; OEt, 20-5. C,.H,,O,; requires C, 67-9; H, 9-5; 2OEt, 21-2%). 

4-Ethyl-4-methyicyclohexanone. Refluxing the keto-ester (9-0 g.) in ethanolic hydrochloric 
acid for 4 hr. afforded the ketone (3-3 g.), b. p. 95—-98°/16 mm., characterised as its 2 : 4-dinitro- 
phenylhydrazone, m. p. 141° (Found: C, 56-5; H, 6-3. C,;H.»O,N, requires C, 56-3; H, 6-3%), 
semicarbazone, m. p. 195° (Found: C, 61-0; H, 9-8; N, 21-2. C, 9H,,ON, requires C, 60-9; 
H, 9-7; N, 21:3%), and dinitroso-derivative, m. p. 215° (decomp.), Amax. 270 my (e 12,500) (Found : 
N, 14-1. C,H,,0O,N, requires N, 14-1%). 

Diethyl 6-ethyl-6-methyl-2 : 3-dioxocycloheptane-1 : 4-dicarboxylate. Sodium ethoxide (pre- 
pared from sodium, 4-2 g.) was dissolved in ether (150 ml.) and diethyl oxalate (13-3 g.), 
then diethyl 3-ethyl-3-methylpimelate (23-5 g.) was added. After 12 hr. at room temperature 
the whole was evaporated to dryness, then heated im vacuo several times with xylene until 
thoroughly dry. Dry xylene (150 ml.) was added and slowly distilled off during 2 hr. (bath- 
temp. 145—175°). The cooled product was triturated with water and ether, and the insoluble 
sodium salt (10-7 g.) was filtered off and washed with water, acetone, and ether. This salt, on 
being shaken with dilute hydrochloric acid and ether, gave from the latter solvent the cyclo- 
heptanedicarboxylate (5-4 g.), a low-melting solid, Amax, 305 my (e 15,000) (Found, on a sublimed 
sample: C, 61-9; H, 9-0. C,,H,.O, requires C, 61-5; H, 7-8%), whose qguinoxaline derivative 
had m. p. 165° (Found: N, 7-1. C,.H,,0,N, requires N, 7-3%). From the original ether 
washings, ethyl 5-ethyl-5-methyl-2-oxocyclohexanecarboxylate (9-2 g.) was isolated. 

5-Ethyl-5-methylcycloheptane-1 : 2-dione. The above dioxocycloheptanedicarboxylate (4-3 g.) 
was refluxed with 15% sulphuric acid for 10 hr., to yield the oily dione (2-4 g.), which was 
purified by vacuum-sublimation and characterised as its guinoxaline derivative, m. p. 148° 
(Found: N, 11-5. C,gH. N, requires N, 11-7%). The same dione was obtained in 7% yield 
by the acyloin ring closure of diethyl 3-ethyl-3-methylpimelate by Cram’s general procedure.* 

4-Benzyl-4-methylcyclohexanone. By methods analogous to those described for the prepar- 
ation of the corresponding ethyl-methyl compounds, there were obtained from 3-benzoyl- and 
3-benzyl-3-methylpimelic acid, the diethyl ester of the latter, ethyl 5-benzyl-5-methyl-2-oxo- 
cyclohexanecarboxylate, and finally 4-benzyl-4-methylcyclohexanone, b. p. 120°/1 mm., 
characterised as its semicarbazone, m. p. 164° (Found: C, 69-3; H, 82. C,;H,,ON, requires 
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C, 69-5; H, 8-2%), and 2: 4-dinitrophenylhydrazone, m. p. 167—168° (Found: C, 63-1; H, 5-8. 
CopH..0,N, requires C, 62:8; H, 5-8%). 

Diethyl spiro[5 : 6)dodecane-3 : 4-dione-2 : 5-dicarboxylate. This compound was prepared 
from diethyl cyclohexane-l1 : 1-bis-8-propionate (3-96 g.) and diethyl oxalate as described above 
for cycloheptanediones. The yield of the spiro-ester (III), m. p. 72—74° (300 mg.), Agax. 305. my 
(ce 13,500) (Found: C, 63-8; H, 7-8. C,sH.g0O, requires C, 63-9; H, 7-7%), was 7%. From 
the mother-liquors the Dieckmann product was isolated in 81% yield. 

spiro[5 : 6] Dodecane-3 : 4-dione (IV). The above compound (300 mg.) was refluxed for 10 hr. 
in 20% sulphuric acid to afford, after purification by vacuum-sublimation, the dione (85 mg.) 
(Found: C, 73-4; H, 9-6. C,,H,,O, requires C, 74-1; H, 9-3%), characterised as its bis-2 : 4- 
dinitrophenylhydrazone, m. p. 144—145°. 

Diethyl 2: 3-dioxocycloheptane-1 : 4-dicarboxylate. Diethyl pimelate (16 g.) was slowly 
added to a solution of diethyl oxalate (10-8 g.) and sodium ethoxide (from 3-4 g. of sodium), then 
refluxed for 12 hr. and worked up as described for the ethyl-methy] derivative, giving 14-5 g. of 
diethyl cycloheptanedicarboxylate, m. p. 68° (from light petroleum), Amax, 303 mu (e 15,000) 
(Found: C, 57-7; H, 6-8; OEt, 34:5. Calc. for C,;H,,0,: C, 57-8; H, 6-7; 2OEt, 33-4%) 
[quinoxaline derivative, m. p. 142° (from methanol) (Found: C, 66-4; H, 6-3; N, 8-2. 
Cy9H,.0,N, requires C, 66-6; H, 6-5; N, 8-2%)}. 

cycloHeptanedione. Hydrolysis of the above diester (2-9 g.) with 10% sulphuric acid gave 
the dione (0-8 g.), b. p. 105°/15 mm. (Found: C, 66-3; H, 8-5. Calc. for C;H,,0,: C, 66-6; 
H, 8-0%) [dioxime, m. p. 177—179° (Found: C, 53-9; H, 7-9. C,H,,O,N, requires C, 53-8; 
H, 7-7%)]. 


We are indebted to the National Research Council of Canada for a grant. 


CHEMICAL LABORATORIES, UNIVERSITY OF NEW BRUNSWICK. 
CHEMISTRY DEPARTMENT, UNIVERSITY COLLEGE OF THE WEST INDIES. 
[Present address (W. I. T.) : CIBA.PHARMACEUTICAL PropuwctTs INC., 
Summit, NEw JerRsEy, U.S.A.] (Received, February 26th, 1957.] 





652. The Alkylation of (+)-1-Phenylpropane-2-thiol by Di- and 
Tri-arylmethanols. 


By C. L. Arcus and P. A. HALLGARTEN. 


BALFE, KENYON, and SEARLE ! recorded examples of the alkylation of thio-p-cresol by 
arylmethanols which undergo alkyl-oxygen fission in acid. If an asymmetric thiol is 
alkylated by a carbonium ion derived from a dissymmetric arylmethanol, two diastereo- 
isomeric sulphides may be formed. Reaction of (-+-)-1-phenylpropane-2-thiol with several 
arylmethanols in the presence of formic acid has been investigated, the course of reaction 
being considered to be : 


(i) CRR’R’”-OH + H-CO,H —— CRR’R”-OH,* + H-CO,- 
(ii) CRR’R’”-OH,* ——» *CRR’R” + H,O 
(iii) *CRR’R” + CH,Ph*CHMe-SH —— CH,Ph-CHMe’S-CRR’R” + H+ 


Although the carbonium ion of stages (ii) and (iii) is planar, the transition states are 
diastereoisomeric, and the rates of formation of the diastereoisomeric sulphides will, in 
principle, differ. 

Alkylation with the symmetrical alcohols tri- and di-phenylmethanol gave respectively 


1 Balfe, Kenyon, and Searle, J., 1950, 3309. 
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crystalline (+)-«-methylphenethyl triphenylmethy] sulphide and a low-melting diphenyl- 
methyl sulphide which on oxidation yielded (+)-diphenylmethyl «-methylphenethyl 
sulphone. 

(+)-p-Dimethylaminodiphenylmethanol yielded two crystalline sulphides in ratio 
52 : 48, so the rates of formation of the diastereoisomers differ little. ‘ 

(+)-p-Methoxy- and (-+)-p-ethoxy-diphenylmethanol gave oily sulphides and oxid- 
ation oily sulphones. Reaction of (+)-4-«-chlorobenzyldiphenyl, which would be expected 
to react via the carbonium ion,' with the thiol in formic acid, gave a single crystalline 
(+)-sulphide, but the amount isolated was not sufficient necessarily to render this 
diastereoisomer the major product. 

On the basis of the present results, therefore, reaction (iii) does not proceed with marked 
dissymmetry. 


Experimental.—M. p.s are corrected. Heating, throughout, was on a steam-bath. 

Triphenylmethanol (3-2 g.) and (-+)-1-phenylpropane-2-thiol ? (1-75 g.) in 90° formic acid 
(10 ml.) were heated for 45 min. and poured into ice-water. The product (2-5 g.), on fractional 
crystallisation from ethanol, yielded (+)-a-methylphenethyl triphenylmethyl sulphide (1-1 g.), 
rhombs, m. p. 118—118-5° (Found: C, 85-15; H, 6-7; S, 7-8. C,,H,,S requires C, 85-25; H, 
6-65; S, 8-15%), and material (0-7 g.), m. p. 78—89°, considered to be triphenylmethane (the 
latter is known to be formed by the reaction of triphenylmethanol with formic acid *). 

Similar reaction of the thiol (1-75 g.) and diphenylmethanol (1-22 g.) in 90% formic acid 
(25 ml.), under nitrogen, yielded a sulphide (1-10 g.), m. p. 33—35°, which could not be recrystal- 
lised satisfactorily. It (0-57 g.) was heated in acetic acid (5 ml.) for 10 min. with 34% hydrogen 
peroxide (3 ml.), acetic acid (8 ml.) being added to maintain homogeneity. The solution was 
chilled to — 80° and then allowed to attain room temperature; it gave a product (0-42 g.), m. p. 
119—120°, which on crystallisation from ethanol yielded (-+)-diphenylmethyl «-methylphenethyl 
sulphone (0-30 g.), plates, m. p. 138-5° (Found: O, 9-7; S, 9-45. C,,H,,0,S requires O, 9-15; 
S, 9-15%). 

(+)-p-Dimethylaminodiphenylmethanol (4-62 g.) and the thiol (3-08 g.) were heated under 
reflux in chloroform (14 ml.) for 3 hr.; the solution was then chilled at — 80° for 15 min.; no 
crystallisation occurred; 99% formic acid (3 drops) was added and heating under reflux 
continued for 3 hr. The solvent was evaporated at room temperature, finally in vacuo. By 
fractional crystallisation of the product, from methanol, two diastereoisomers were separated : 
(+)-p-dimethylaminodiphenylmethyl a-methylphenethyl sulphide-A (2-10 g.), needles, m. p. 103— 
103-5° (Found: N, 3-95; S, 8-75. C,,H,,NS requires N, 3-9; S, 8-9%), and (-+)-sulphide-B 
(2-25 g.), more soluble rods, m. p. 65-5° (Found : N, 3-8; S, 9-0%). 

(+)-4-x-Chlorobenzyldipheny] (0-85 g.) and the thiol (0-50 g.), in 99% formic acid (10 ml.), 
were heated for 5 min. then poured into ice-water. The product, after being crystallised from 
methanol and twice from ethanol, yielded (-+)-x-4-diphenylylbenzyl a-methylphenethyl sulphide 
(0-16 g.), needles, m. p. 105—105-5° (Found : S, 7-85. C,,H,.S requires S, 8-1%). 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries Limited for grants. 


BATTERSEA POLYTECHNIC, Lonpon, S.W.11. |Received, March 6th, 1957.) 


? Arcus and Hallgarten, /., 1956, 2987. 
* Kauffmann and Pannwitz, Ber., 1912, 45, 769. 
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653. 2-Amino-|-ethylthioethanol Hydrochloride. 
By L. HouGu and MAuMoup I. Tana. 


REACTION of 2-aminoacetaldehyde diethyl acetal with ethanethiol and cold hydrochloric 
acid (d 1-18) yielded 2-amino-l-ethylthioethanol hydrochloride; none of the diethyl 
dithioacetal was isolated. This behaviour is related to that of 2-amino-2-deoxy-p-glucose 
hydrochloride which is unusually resistant to thioacetal formation ! owing to the field 
effect of the cationoid nitrogen atom.* On the other hand, 2-acetamido-2-deoxy-p- 
glucose readily forms a mixture of mono- and di-ethylthio-derivatives.* Acetylation of 
2-amino-l-ethylthioethanol hydrochloride afforded a crystalline diacetyl derivative. On 
oxidation with periodate the latter rapidly consumed 1 mol. of the oxidant, no formic acid 
or formaldehyde being liberated, in agreement with similar oxidations * of 2-acetamido-2- 
deoxy-D-glucopyranosylthioethanes and 2-acetamido-3 : 4: 5 : 6-tetra-O-acetyl-2-deoxy- 
p-glucose diethyl dithioacetal. Reductive desulphurisation of 2-acetamido-l-acetoxy-1- 
ethylthioethane yielded l-acetamido-2-acetoxyethane which was resistant to periodate 
oxidation. 


Experimental.—2-Amino-1-ethylthioethanol hydrochloride. 2-Aminoacetaldehyde diethyl 
acetal (20 g.) was cooled to —10° (acetone—carbon dioxide), and ice-cold concentrated hydro- 
chloric acid (25 ml.) was added dropwise with shaking. To the cold solution was added ethane- 
thiol (25 g.) with shaking and the mixture stored at 0°. The crystalline hydrochloride (ca. 15 g., 
was filtered off and washed several times with acetone; it had m. p. 103° (Found : C, 30-8; H) 
8-1; N, 8-9; S, 19-8; Cl, 23-9. C,H,,ONSCI requires C, 30-5; H, 7-6; N, 8-9; S, 20-3; Cl, 
22-6%), and was unstable in the presence of water or alcohols. 

2-Acetamido-1-acetoxy-1-ethylthioethane. A mixture of 2-amino-l-ethylthioethanol hydro- 
chloride (10 g.), dry pyridine (20 ml.), and acetic anhydride (20 ml.) was set aside at room 
temperature for 24 hr., then poured into ice-water (ca. 200 ml.). The solution was extracted 
with chloroform (3 x 50 ml.), and the combined extracts were washed successively with 2n- 
hydrochloric acid (2 x 50 ml.), 2N-sodium hydrogen carbonate solution (2 x 50 ml.) and water 
and dried (MgSO,). Subsequent concentration gave a colourless syrup (12 g.) which crystallised 
at 0°. Recrystallisation from ether-—light petroleum (b. p. 40—60°) gave the acetate as needles, 
m. p. 45° [Found : C, 46-9; H, 7-2; N, 6-9; S, 15-8; Ac, 39-69%; M (Menzies and Wright’s 
method ‘), 201-5. C,H,,0,NS requires C, 46-8; H, 7-3; N, 6-8; S, 15-6; Ac, 420%; M, 205}. 

1-Acetamido-2-acetoxyethane. A mixture of 2-acetamido-l-acetoxy-l-ethylthioethane (2-0 
g.) and fresh Raney nickel (2 g.), suspended in absolute ethanol (25 ml.), was heated under reflux 
for 24 hr. After filtration and concentration a syrup (0-6 g.) was obtained which crystallised 
at 0°. Recrystallisation from ether-light petroleum (b. p. 40—60°) gave 1l-acetamido-2-acetoxy- 
ethane as needles, m. p. 36° (Found: C, 49-6; H, 7-9; N, 10-2%; M (as above), 140-5. 
C,H,,0,N requires C, 49-4; H, 7-6; N, 9-7%; M, 145]. 


THE UNIVERSITY, BRISTOL. (Received, March 11th, 1957.] 


1 Wolfrom and Anno, J. Amer. Chem. Soc., 1952, 74, 6150; Kent and Posternak, /J., 1954, 2315. 
* Moggridge and Neuberger, J., 1938, 745. 

%’ Hough and Taha, /., 1956, 2042; J., 1957, in the press. 

* Menzies and Wright, J. Amer. Chem. Soc., 1921, 23, 2309, 2314. 
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654. The Denitration of N-Methyl-N’-nitroguanidine : Correction. 
By Murtet L. Harpy-K Len. 
In a recent paper! it was suggested, erroneously owing to an algebraical mistake in the 
derivation of equation (13), that denitration of N-methyl-N’-nitroguanidine in 71-7— 
81-3% sulphuric acid depends on the bimolecular reaction MePH* + HA —+» Products, 
where MePH* represents the methylnitroguanidine cation and HA the acid species H,SO, 


and H,0*. 
The experimental result obtained, viz., 


log k, — log (H,SO,) + H,» — log (H,O) = constant 
still stands. Now, since Hy = — log {(H*)/n/fsn*} (cf. Hammett _*), it can be expressed as 
k, = const.(H,SO,)(H*)(H,O)/s//sxu 
Thus, with H,O + H* == H,0*, the rate, &,|; MePH*), becomes 
Rate = const.{MePH*}(H,SO,)(H,0*)/s//ex+ 


This equation allows the following interpretations: (a) the reaction is termolecular, 
MePH* + H,SO, + H,O0* —» Products, or (5) the reaction is bimolecular, with initial 
solvation of the methylnitroguanidine cation, e.g. : 


MePH* + H,SO,== {MePHH,SO,}* . . . Fast 


{MePH,H,SO,}* + H,O* —» Products . . . . Slow 


It is assumed for both these mechanisms that the function (fgu* . fepn*)/(/e - ftee+) of the 
activity coefficients is constant, as has been shown experimentally for 75—95% sulphuric 
acid by Bonner and Lockhart.’ The author is obliged to Dr. T. G. Bonner for pointing 
out the algebraical mistake. 


RoyAL COLLEGE OF SCIENCE AND TECHNOLOGY, GLASGOW. (Received, March 12th, 1957.] 


1 Hardy-Klein, J., 1957, 70. 
? Hammett, ‘‘ Physical Organic Chemistry,’’ McGraw Hill Book Co., New York, Ist edn., 1949, 
p. 267. 


*? Bonner and Lockhart, J., 1957, 364. 
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655. 2-Methyleneaminomethylbenziminazole. 
By E. S. LANE. 


In view of a recent recorded preparation of 2-formylbenziminazole,! we record the failure 
to prepare this compound by the Sommelet reaction. When 2-chloromethylbenziminazole 
was refluxed with sodium iodide and hexamine in acetone, a quaternary iodide was formed 
which rapidly hydrolysed in hot water to give 2-methyleneaminomethylbenziminazole. 
The insolubility of this compound in organic solvents and the fact that in acid solution it 
displays aldehyde reactions (owing to hydrolysis to formaldehyde) may lead to its false 
identification as 2-formylbenziminazole. 2-Methyleneaminomethylbenziminazole was 
also obtained when hexamine and 2-aminomethylbenziminazole were refluxed together 
in acid under a variety of conditions and when hexamine and 2-chloromethylbenziminazole 
were refluxed in alcohol or acetone. 2-Aminomethylbenziminazole, which cannot be 
prepared by more conventional methods from glycine and o-phenylenediamine,? is readily 
made by fusing together equimolecular quantities of o-phenylenediamine and ethyl amino- 
acetate hydrochloride. 


Experimental.—2-Benziminazolylmethylhexamine iodide. 2-Chloromethylbenziminazole (8-3 
g.), sodium iodide (7-5 g.), hexamine (7-0 g.),,and acetone (200 ml.) were refluxed together for 
2 hr., and the insoluble residue filtered off. The above salt was recrystallised with difficulty 
from ethanol in which it was only sparingly soluble. It had no definite m. p. but was 
completely decomposed at 160° (Found: C, 42-8; H, 4:9; N, 20-7; I, 31-6. C,,H,,.N,l 
requires C, 42-2; H, 4-8; N, 21-1; I, 31-9%). 

2-Methyleneaminomethylbenziminazole. (a) The above salt (5-0 g.) was refluxed in water 
(50 ml.) (in which it was initially soluble) for 15 min., and the insoluble residue filtered off and 
dried (2-3 g.). The base was substantially insoluble in common organic solvents but was finally 
recrystallised with difficulty from ethylene glycol. It had m. p. 277° (decomp.) (Found: C, 
67-9; H, 5-5; N, 26-0. C,H,N, requires C, 67-9; H, 5-6; N, 26-4%). With 2: 4-dinitro- 
phenylhydrazine in 2N-hydrochloric acid a crystalline precipitate was formed, m. p. 160°, which 
was identified by its mixed m. p. with formaldehyde 2 : 4-dinitrophenylhydrazone. 

(b) 2-Aminomethylbenziminazole dihydrochloride (12-7 g.), hexamine (10 g.), and water 
(100 ml.) were refluxed together for 30 min. The insoluble material, when filtered off and 
washed (7-3 g.), had m. p. 270° (decomp.) (from ethylene glycol) (Found: N, 26-2%). 

(c) 2-Aminomethylbenziminazole dihydrochloride (11-0 g.), hexamine (8-5 g.), 35% 
formaldehyde (6 ml.), and 50% acetic acid (45 ml.) were refluxed together for 1 hr., then cooled 
and basified with sodium carbonate. The resulting white precipitate was filtered off, washed, 
and dried (5-7 g.). It had m. p. 265° (decomp.) (Found: N, 26-0%). 

(d) 2-Chloromethylbenziminazole (8-3 g.) and hexamine (7-0 g.) were refluxed together in 
acetone for 2 hr. The insoluble material (10-1 g.) had m. p. 265—270° (decomp.) (Found: N, 
26-2%). 

2-Aminomethylbenziminazole. Ethyl aminoacetate hydrochloride (14-0 g.) and o-phenylene- 
diamine (11-0 g.) were finely ground, intimately mixed, and heated in nitrogen for 2 hr. at 
180—200°. When cold, the glassy melt was dissolved in dilute hydrochloric acid, boiled with 
charcoal, and filtered. The filtrate was evaporated to dryness (steam-bath), triturated with 
ethanol, and filtered. The residue of the dihydrochloride (12-7 g.) was washed with ethanol until 
colourless and had m. p. 263—265° (from ethanol). Hughes and Lions ? give m. p. 263°. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, NR. Dipcot, BERKs. [Received, March 18th, 1957.) 


1 Baganz, Angew. Chem., 1956, 68, 151. 
2 Hughes and Lions, J. Proc. Roy. Soc. New South Wales, 1938, 71, 209. 
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656. The Formylation of ihe Pyrazole Nucleus. 
By I. L. Fryar and G. H. Lorp. 


4-FoORMYL-1-PHENYLPYRAZOLE, prepared by Finar and Godfrey’ by the Sommelet 
reaction from 4-chloromethyl-l-phenylpyrazole, has now been prepared by the direct 
formylation of 1-phenylpyrazole. The last compound, prepared from phenylhydrazine 
hydrochloride and 1 : 1 : 3 : 3-tetraethoxypropane,? was treated with dimethylformamide 
and phosphoryl chloride.* Hydrolysis then gave 4-formyl-l-phenylpyrazole. N-Methyl- 
formanilide * could be used instead of dimethylformamide, but the yield was lower. 

1-Methylpyrazole > has been prepared from methylhydrazine sulphate and 1 : 1 : 3: 3- 
tetraethoxypropane, and by the treatment of pyrazole with methyl iodide and potassium 
hydroxide. Formylation as above gave 4-formyl-l-methylpyrazole, which was oxidised 
to 1-methylpyrazole-4-carboxylic acid. 

Attempts to formylate pyrazole failed, and attempts with 1l-benzoyl- and 1-benzene- 
sulphonyl-pyrazole merely resulted in hydrolysis of the protecting group. 

The isomeric aldoximes of 4-formyl-l-phenylpyrazole have been prepared and charac- 
terised by the action of m-butylamine on their acetyl derivatives. The lower-melting 
a-isomer is converted into the $-isomer by hot ethanol or at its melting point. The a-O- 
acetylaldoxime, on treatment with m-butylamine, regenerated the x-aldoxime alone. The 
8-O-acetylaldoxime, similarly treated, gave 4-cyano-l-phenylpyrazole and the 8-aldoxime. 
On this evidence, the a-isomer is the syn- and the §-isomer is the anti-aldoxime. Both 
aldoximes when refluxed with acetic anhydride gave 4-cyano-l-phenylpyrazole which was 
hydrolysed to 1-phenylpyrazole-4-carboxylic acid by boiling sulphuric acid. 


Experimental.—4-Formyl-1-phenylpyrazole. To 1-phenylpyrazole? (50 g., 1 mol.) and 
dimethylformamide (25-3 g., 1 mol.), stirred at 95—100°, phosphoryl chloride (53-2 g., 1 mol.) 
was added during 1-5 hr. Heating and stirring were maintained for a further 2-5 hr., then the 
reactants were cooled in ice, and water was cautiously added. Sodium hydroxide solution was 
added to pH 4. After 2 hr. the solution was filtered, giving 4-formyl-1-phenylpyrazole (30-2 g., 
51%). The filtrate was made alkaline with excess of sodium hydroxide and extracted with 
ether. The extracts were dried, evaporated, and distilled, giving 1-phenylpyrazole (17 g., 76% 
based on recovered 1-phenylpyrazole). 

1-Methylpyrazole. (a) 1:1:3:3-Tetraethoxypropane (22-0 g., 1 mol.) and methyl- 
hydrazine sulphate (14-4 g., 1 mol.) were refluxed in ethanol (9 c.c.) and water (3 c.c.) for 2 hr. 
Sodium carbonate (11-1 g.) and water (10 c.c.) were then added. The sodium sulphate was 
filtered off and washed with ether. The aqueous layer was extracted with the ether washings 
and then with chloroform (2 x 25 c.c.). The ether and chloroform extracts were dried and 
evaporated. The residual red oils were combined and distilled, to give 1-methylpyrazole 
(5-65 g., 69%), b. p. 126—127°, identified as the picrate, m. p. 148°. 

(6) Pyrazole (7-52 g.) was warmed with potassium hydroxide (6-2 g.) in ethanol (5 c.c.) and 
water (1 c.c.) until homogeneous. Methyl iodide (25 g.) in ether (10 c.c.) was added during 
30 min., then the mixture refluxed for 0-5 hr., then extracted with ether and chloroform, and the 
extracts were combined and dried. Evaporation, followed by distillation, gave 1-methyl- 
pyrazole (7-0 g., 77%), b. p. 126—127°. 

4-Formyl-1-methylpyrazole. 1-Methylpyrazole (4-75 g.) and dimethylformamide (11-0 g.) 
were warmed to 95—100°, and phosphory] chloride (9-0 g., 5-5 c.c.) was added dropwise. After 
the initial evolution of hydrogen chloride the reactants were warmed on the steam-bath for 
1-5 hr., cooled to 10°, and hydrolysed by water. Extraction with ether, and then chloroform, 


1 Finar and Godfrey, J., 1954, 2293. 

? Finar and Hurlock, 3024. 

* Campaigne and Archer, J. Amer. Chem. Soc., 1953, 75, 989. 

* Vilsmeir and Haak, Ber., 1927, 60, 119. 

5 Huttel, Wagner, and Jochum, Annalen, 1955, 593, 179. 

* Hauser and Jordan, J. Amer. Chem. Soc., 1935, 57, 2450; 1936, 58, 1772. 
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followed by drying, evaporation, and distillation, gave 4-formyl-1-methylpyrazole (2-1 g., 33%), 
b. p. 106—108°/20 mm. (Found: C, 54-2; H, 5-95; N, 25-2. C,;H,ON, requires C, 54-5; H, 
5-45; N, 25-45%). The 2: 4-dinitrophenylhydrazone formed red needles (from glacial acetic 
acid), m. p. 264—265° (Found: C, 45-3; H, 3-40; N, 28-8. C,,H,9O,N, requires C, 45-5; H, 
3-45; N, 29-0%). 

1-Methylpyrazole-4-carboxylic acid. 4-Formyl-l-methylpyrazole (1-8 g.) was refluxed with 
alkaline potassium permanganate for 0-5 hr. Filtration, followed by acidification of the 
filtrate, gave colourless needles of 1-methylpyrazole-4-carboxylic acid (1-25 g., 60-5%), m. p. 205— 
206° (Found: C, 47-3; H, 4:77; N, 21-5. C,;H,O,N, requires C, 47-6; H, 4:76; N, 22-2%). 
Bromination under standard conditions for 4-substitution gave unchanged acid, indicating 
formylation in the 4-position of 1-methylpyrazole. 

1-Benzenesulphonylpyrazole. To pyrazole (10 g.) in pyridine (20 c.c.) benzenesulphonyl 
chloride (27 g.) was added slowly. After being warmed on the steam-bath for 15 min., the 
reactants were poured into water (600 c.c.). Crystallisation from acetone gave 1-benzene- 
sulphonylpyrazole (30-5 g., 99%), m. p. 103-5—104° (Found : C, 51-3; H, 3-6; N, 13-2; S, 15-2. 
C,H,O.N,S requires C, 51-9; H, 3-8; N, 13-4; S, 15-4%). 

4-Formyl-1-phenylpyrazole oximes. (a) 4-Formyl-l-phenylpyrazole (10 g.) and hydroxyl- 
amine hydrochloride (10 g.) were refluxed for 2 hr. in pyridine (50 c.c.) and ethanol (50 c.c.), 
then poured into water (1 1.), and the resultant precipitate was filtered off, washed with cold 
water, and dried at 80°. Recrystallisation from 50°, aqueous ethanol gave the anti-oxime 
(10-2 g., 949%), m. p. 173° (Found: C, 64-4; H, 4-8; N, 22-2. C,,H,ON; requires C, 64-2; H, 
4-8; N, 22-4%). , 

(6) Sodium ethoxide solution (from 2-19 g. of sodium in 50 c.c. of ethanol) was added to 
hydroxylamine hydrochloride (6-65 g.) in water (10 c.c.), and sodium chloride removed. 
4-Formyl-1l-phenylpyrazole (5-55 g.) in ethanol (50 c.c.) was added and the mixture kept at 
room temperature for 60 hr. The syn-oxime (2-0 g., 3394) was obtained as colourless needles 
m. p. 135° (Found: C, 64-0; H, 4-9; -N, 22-49%). Addition of water to the mother-liquor gave 
a further 4-0 g., m. p. 128—129°. ’ 

(c) The anti-oxime (3-65 g.) was kept in cold acetic anhydride (9 c.c.) for 0-5 hr. Colourless 
needles of the O-acetyloxime (1-2 g., 27%), m. p. 98—99°, were obtained, and a further quantity 
(1-0 g.) was obtained by treatment of the filtrate with excess of water, followed by recrystallis- 
ation of the precipitate from aqueous acetone (Found: C, 63-1; H, 4:7; N, 17-9. C,,H,,0,N, 
requires C, 62-9; H, 4-8; N, 18-3%). 

This acetate (1-15 g.) dissolved rapidly in -butylamine (3 c.c.). Addition of crushed ice 
after 10 min. gave a precipitate of 4-cyano-1-phenylpyrazole, which was filtered off, washed 
with 3N-sodium hydroxide, then with water, and recrystallised from aqueous ethanol as needles 
(0-45 g.), m. p. 95—96° (undepressed on admixture with authentic 4-cyano-1-phenylpyrazole). 
Acidification of the alkaline washings gave regenerated anti-oxime (0-2 g.), m. p. 171—173°. 

The syn-oxime (1-9 g.) was kept in acetic anhydride (3 c.c.) for 0-5 hr., then poured into 
water (50 c.c.). The precipitate was filtered off and crystallised from ethanol and then aqueous 
acetone, to give needles of the syn-acetate (0-9 g., 38%), m. p. 102-5—103° (Found : C, 62-7; H, 
4-5; N, 18-4%). 

This acetyloxime (0-25 g.), treated with m-butylamine (1 c.c.), as above, regenerated syn- 
oxime (0-2 g.), m. p. 135°. 

4-Cyano-1-phenylpyrazole. The anti-oxime (1-1 g.) was refluxed with acetic anhydride 
(10 c.c.) for 0-5 hr. Addition of water gave a white precipitate, which crystallised from ethanol 
to give 4-cyano-1-phenylpyrazole (0-85 g., 85%), m. p. 95° (Found: C, 70-7; H, 4-2; N, 24-7. 
C,9H,N, requires C, 71-1; H, 4-1; N, 248%). Hydrolysis of this with 75% sulphuric acid 
gave 1-phenylpyrazole-4-carboxylic acid. : 


THE NORTHERN POLYTECHNIC, 
Hotitoway Roap, Lonpon, N.7, [Received, March 19th, 1957.) 
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657. LEthylidene Derivatives of Methyl Aldopyranosides. 
By JoHN HONEYMAN and THEO. C. STENING. 


O’MEARA and SHEPHERD ! have described the preparation of methyl 4 : 6-O-ethylidene- 
8-p-glucoside by treatment of methyl $-p-glucopyranoside with 1 : 1-dimethoxyethane 
in the presence of sulphuric acid. That this reagent differs from paraldehyde in not 
giving oxydiethylidene derivatives with vicinal trans-hydroxyl groups has now been 
confirmed by the preparation of methyl 4 : 6-O-ethylidene-x-p-glucoside in consistently 
higher yield than results by Honeyman and Morgan’s method:? no oxydiethylidene 
derivative was detected even after reaction for 48 hours. The known aldehyde derivatives 
of aldopyranosides are obtained in the 2-, 3-, and 4-positions from adjacent cis-hydroxyl 
groups only, with the hydroxyl groups equatorial-axial, except that when an aliphatic 
aldehyde or one of its polymers is used an oxydialkylidene derivative may be formed from 
adjacent trans-hydroxyl groups. This is in agreement with the suggestion * that vicinal 
cis-glycol groups in six-membered rings afford cyclic acetals, whereas the érans-isomers 
normally do not, although a few cyclic isopropylidene derivatives of trans-glycols have been 
prepared. In the aldohexopyranoside series n-alkylidene, benzylidene, and ssopropylidene 
derivatives are formed in the 4: 6-position but usually only under vigorous conditions 
or on prolonged reaction.® 

Methyl «-L-rhamnopyranoside with 1: 1-dimethoxyethane gives methyl 2: 3-0- 
ethylidene-z-L-rhamnopyranoside, characterized as its toluene-p-sulphonate identical with 
the compound prepared by condensation of methyl «-L-rhamnoside 4-toluene-p-sulphonate ® 
with 1 : 1-dimethoxyethane. Thus reaction involved the 2 : 3-hydroxyl groups which are 
equatorial-axial in the preferred conformation,’ but not the axial-axial 3: 4-pair. Methyl 
a-p-fucopyranoside also gave a monoethylidene derivative. The predicted conformation * 
of methyl «-p-fucoside indicates that the 3: 4-hydroxyl groups (equatorial-axial) are 
favourably placed for acetal formation, so that the compound isolated is probably methyl 
3 : 4-0-ethylidene-x-p-fucoside. The corresponding ketal, methyl 3 : 4-O-isopropylidene- 
«-D-fucoside, had been prepared and characterized previously.* The 2 : 3-hydroxyl groups 
of methyl «-p-fucopyranoside are equatorial-equatorial if the glycoside reacts in this 
predicted conformation, so by analogy with the p-glucoside the formation of an 
oxydiethylidene derivative may be expected when paraldehyde is the source of acetaldehyde. 
That such a compound was not isolated suggests that an ethylidene compound is formed 
preferentially whenever three hydroxyl groups are placed suitably for either kind of 
acetal formation. 

Methyl «-p-mannopyranoside gave methyl 2: 3-4: 6-di-O-ethylidene- and methyl 
4 : 6-O-ethylidene-«-D-mannoside on treatment with 1: l-dimethoxyethane containing 
sulphuric acid, further evidence that the reagent will react with adjacent cis- but not 
trans-hydroxy] groups. 


Experimental.—Preparation of methyl «-D-fucopyranoside. Methanol (500 ml.) containing 
hydrogen chloride (4%) and 1 : 2-3 : 4-di-O-isopropylidene-p-fucose ® (22 g.) was boiled under 


? O'Meara and Shepherd, J., 1955, 4232. 

? Honeyman and Morgan, /., 1955, 3660. 

> Mills, Adv. Carbohydrate Chem., 1955, 10, 1. : 

* Angyal and McDonald, J., 1952, 686; Christian, Gogek, and Purves, Canad. J]. Chem., 1951, 20, 
911; Fenton, Salcedo, and Franz, Abs. Papers, Amer. Chem. Soc., Sept. 1956, p. O 7. 

5 Jones, Canad. ]. Chem., 1956, 34, 840; Ault, Haworth, and Hirst, J., 1935, 1012; Labaton and 
Newth, J., 1953, 992. 

® Percival and Percival, J., 1950, 690. 

7 Reeves, J. Amer. Chem. Soc., 1950, 72, 1499. 

8 MacPhillamy and Elderfield, J. Org. Chem., 1939, 4, 150. 

® Schmid and Karrer, Helv. Chim. Acta, 1949, 32, 1371. 
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reflux for 14 hr.; acid was neutralized with silver (or lead) carbonate, and the solution was 
decolorized with charcoal. Evaporation of the filtered solution gave a syrup which, crystallized 
from ethanol, gave methyl a-p-fucopyranoside (6-5 g.), m. p. 155°. The evaporated mother- 
liquor was again treated with methanolic hydrogen chloride, yielding a further quantity of 
methyl «-p-fucopyranoside (total, 65%), m. p. 155°, [«]?* + 189° (c 2-0 in H,O). MacPhillamy 
and Elderfield * record m. p. 155—156°. 

Preparation of acetals. The sugar (30 g.), 1: 1-dimethoxyethane (125 ml.), and concen- 
trated sulphuric acid (1-3 ml.) were shaken together for 2—3 hr., then acid was neutralized with 
solid potassium carbonate. The filtered mixture was evaporated under reduced pressure and 
the syrupy product was recrystallized from ether—light petroleum. Yields are not increased if 
the reaction time is prolonged. 

The compounds prepared by this method include: methyl 4 : 6-O-ethylidene-«-p-glucoside 

(57%); methyl 3(?) : 4( ?)-O-ethylidene-a-D-fucopyranoside (39%), b. p. 69°/0-05 mm., m. p. 84°, 
(a)? + 153° (c 1-0 in CHCI,) (Found: C, 52-8; H, 8-0; CH,°CHO, 21-1. C,H,,0,; requires 
C, 52-9; H, 7-9; CH,*CHO, 21-6%) ; and methyl 2 : 3-O-ethylidene-a-L-rhamnopyranoside (37%), 
b. p. 76°/0-2 mm., m. p. 53°, [a]f} —44-9° (c 0-4 in CHCI,) (Found: C, 52-9; H, 7-9; CH,-CHO, 
22-0. C,H,,O, requires C, 52-9; H, 7-9; CH,*CHO, 21-6%). 
Methyl 4: 6-O-ethylidene-x-D-mannoside and 2: 3-4: 6-di-O-ethylidene-x-D-mannoside. 
Finely ground methyl «-D-mannopyranoside (5-0 g.) was shaken in 1: 1-dimethoxyethane 
(25 ml.) containing concentrated sulphuric acid (0-25 ml.) for 1-5 hr. Starting compound (1 g.) 
was filtered off, and the solution was neutralized with anhydrous potassium carbonate. 
Evaporation of the filtered solution gave a syrup which solidified on being shaken with water. 
This, recrystallized from aqueous ethanol, was methyl 2 : 3-4 : 6-di-O-ethylidene-«-p-mannoside 
(3-4 g., 66% of mannoside consumed). The aqueous filtrate was evaporated to a white solid 
which was recrystallized from carbon tetrachloride, to give methyl 4 : 6-O-ethylidene-«-p- 
mannoside (0-6 g., 13%), m. p. 116—117°. 

Characterization of methyl 2: 3-Q-ethylidene-z-L-rhamnopyranoside. Solutions of methyl 
2 : 3-O-ethylidene-x-L-rhamnoside (1-3 g.) in pyridine (5 ml.) and toluene-p-sulphonyl chloride 
(1-3 g.) in pyridine (2 ml.) were mixed at 0° and kept at 0° for 4 days. The solid 4-toluene-p- 
sulphonate, precipitated when the mixture was poured into ice-water and recrystallized from 
methanol, had m. p. 81° (0-5 g.), [a]? +14-8° (c 0-8 in CHCI,) (Found: C, 53-6; H, 6-2. 
C,,H,,0,S requires C, 53-3; H, 6-1%). * 

A solution of methyl «-L-rhamnopyranoside 4-toluene-p-sulphonate ® (0-33 g.) in 1: 1-di- 
methoxyethane (10 ml.) containing concentrated sulphuric acid (4 drops) was shaken at room 
temperature for 6 hr. After neutralization with anhydrous potassium carbonate, the filtered 
solution was evaporated to dryness, and the residue was dissolved in the minimum quantity of 
warm methanol. The cooled solution was-poured into ice-water, and the resultant solid, 
recrystallized from methanol, was the above 4-toluene-p-sulphonate (0-14 g., 36%), m. p. and 
mixed m. p. 80—81°, [a]? +15-0° (c 1-0 in CHCI,). 


The authors thank Messrs. Ellis Jones (Stockport) Ltd. for generous gifts of carob gum, and 
Courtaulds Scientific and Educational Trust Fund for a Postgraduate Research Scholarship 
(to T.C.S.). 


KinG’s COLLEGE, UNIVERSITY OF LONDON, 
STRAND, Lonpon, W.C.2. [Received, March 27th, 1957.) 
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658. Plutonium Alkoxides. 
By D. C. BrapLey, B. HARDER, and F. HUDSWELL. 


SINCE piutunium appears not to form a stable anhydrous tetrachloride, preparation of 
plutonium(Iv) tetra-alkoxides started from the stable pyridinium chloride complex 
(C;H,N),PuCl,. The complex chloride, when treated in suspension in benzene—propan-2-ol 
with excess of ammonia, gave a soluble product corresponding in analysis to a mixture of 
Pu(OPr'), and Pu(OPr'),,C;H;N, thus resembling the zirconium * and cerium ? analogues 
(which gave partly solvated tetratsopropoxides) and contrasting with the thorium analogue * 
(which gave a chloride isopropoxide). We explained the behaviour of the thorium com- 
pound in terms of the basic nature of thorium alkoxides; by this token quadrivalent 
plutonium is less basic than thorium and nearer in basicity to quadrivalent cerium, and 
this is supported by the fact that the Th*~ ion is larger than the Pu*” ion. 

The plutonium product, on crystallisation from propan-2-ol, gave an emerald-green 
solvate Pu(OPr'),,Pr'OH, analogous to the zirconium, hafnium, and cerium compounds 
(thorium tsopropoxide does not form solvates). Plutonium ‘sopropoxide sublimed at ca. 
220°/0-05 mm.; by alcohol interchange with ¢ert.-buty] alcohol it gave a pale green product 
which sublimed at ca. 112°/0-05 mm., which although not analysed was doubtless the 
tetra-tert.-butoxide. Similarly, 3-ethylpentan-3-ol gave a product which was volatile 
above 150°/0-05 mm. The plutonium alkoxides were extremely easily hydrolysed but 
appear to be unaffected by dry air (cf. uranium tetra-alkoxides * which are oxidised by air). 


Experimental.—The experimental procedure was essentially that employed earlier }~* with 
precautions against radiation. Plutonium was analysed by dissolving a weighed sample in 
dilute nitric acid and then “‘ counting ’’ ona suitable aliquot part by means of a Simpson counter 
with 2x geometry. The ***Pu isotope was used. The chloride content was determined by 
Volhard’s method. 

Dipyridinium plutonium hexachloride. This was prepared by Katz and Rabinowitz’s 
method § and dried at 120°/0-05 mm. for 2hr. A small quantity of pyridine hydrochloride was 
sublimed off by this treatment but this did not materially affect the product [Found : Pu, 39-1; 
Cl, 33-7. Calc. for (C;H,N),PuCl,: Pu, 39-0; Cl, 34-8%). 

Plutonium isopropoxide. The vigorously shaken suspension of the complex chloride (9-7 g.) 
in benzene (60 c.c.) and propan-2-ol (90 c.c.) was treated with ammonia until the reaction 
appeared complete. The ammonium chloride and a small quantity of unchanged complex 
were removed and the filtrate evaporated to dryness under reduced pressure, giving a grass- 
green product (5-56 g.) (Found: Pu, 45-8%; Cl, 0). This product (5-3 g.) was dissolved in 
hot propan-2-ol (20 c.c.); on cooling, the solvate (2-3 g.) was deposited (Found: Pu, 45-1. 
Pu(OPr'),,Pr'OH requires Pu 44:7%. In a small-scale experiment, the isopropoxide was 
interchanged with a large excess of benzene—fert.-buty]l alcohol azeotrope ; evaporation to dryness 
gave the tetrabutoxide. Reaction with an excess of 3-ethylpentan-3-ol proceeded as stated. 


The authors thank the Director of A.E.R.E., Harwell, for permission to publish this work. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, NEAR Dipcot, BERKS. (Received, March 20th, 1957. 


1 Bradley, Halim, Sadek, and Wardlaw, J., 1952, 2032. 

? Bradley, Chatterjee, and Wardlaw, /J., 1956, 2260. 

* Bradley, Saad, and Wardlaw, J., 1954, 1091. 

* Jones, Karmas, Martin, and Gilman, J]. Amer. Chem. Soc., 1956, 78, 4285. 

5 Katz and Rabinowitz, N.N.E.S., Vol. VIII-5, McGraw-Hill, London, p. 793. 
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659. Exchange of Radiochlorine between Pyridinium Chloride and 
Acid Chlorides in Chloroform Solution. 


By M. J. FRAZER. 


RECENT reports of the rapid exchange of radiochlorine between chloride ion and nitrosyl 
chloride,’ phosphorus oxychloride,:* arsenic trichloride,? thiony] chloride,?:* and selenium 
oxychloride,?;* and the slow heterogeneous exchange with carbonyl chloride * prompt 
publication of an investigation of °*Cl exchange, in chloroform solution, between pyridin- 
ium chloride and boron trichloride, phosphorus trichloride, thionyl chloride, sulphuryl 
chloride, and acetyl chloride. In each case complete exchange occurred at 20°, under 
strictly anhydrous conditions, within the time of separation (three minutes). 

The results are shown in the Table. The exchange may be explained either in terms 
of ionisation of the acid chloride, or by the intermediate formation of an addition complex 
between the chloride ion and acid chloride. 


Acid halide Concn. (moles/l.) Exchange (%) Acid halide Concn. (moles/].) Exchange (%) 
(MX) MX Ccl- MX Cl- (MX) MX co MX cr 
_o SR eereee 0-040 0-010 * 98 99 2 0-026 0-017 * 97 102 
PURE watsacserese 0-007 0-006 * 99 97 cn: ipaiidiaets 0-052* 0-040 103 100 
o” ennenennae 0-013* 0-001 100 98 ae 0-011 0-003 * 99 100 
CH,COC] ... 0-057 0-056* 100 98 i +s 0-015 0-224 * 97 97 
nian 0-044 * 0-043 98 102 


Experimental.—Radiochlorine was obtained in the form of 1-6N-hydrochloric acid; this 
was converted into hydrogen chloride which, by reaction with pyridine in anhydrous ether, 
gave anhydrous pyridinium chloride. Active acid chlorides were formed by the exchange 
reaction. The chloroform was dried (CaCl,) and distilled twice. The acid chlorides were 
purified by fractionation. 

Separation was achieved by rapid vacuum-distillation, at 20°, of the acid chloride 
and chloroform into a trap at —80°. Activities were measured on aqueous extracts of the 
pyridinium chloride residue and the acid chloride distillate, standard counting apparatus being 
used. Correction was made for background count. Control experiments showed no exchange 
with the chloroform. 

In the boron trichloride experiment a white precipitate (probably C;,H;NH~BCI,-; see 
ref. 5) was obtained. Measurements in the separated excess of boron trichloride indicated 
exchange. 

The % exchange, 100F, was calculated from the expression, F = a—*e, where So, 

@ 0 
S;, S, are the specific activities (counts/min./g.-ion of Cl-) initially, after 3 min., and after 
24 hr. respectively. 


CHEMISTRY DEPARTMENT, ROYAL MILITARY COLLEGE OF SCIENCE, 
SHRIVENHAM, SWINDON, WILTS. [Received, March 21st, 1957.] 


1 Lewis and Wilkins, J., 1955, 56; 1956, 150. 

* Masters, Potter, Ash, and Norris, J. Amer. Chem. Soc., 1956, 78, 4252. 
% Lewis and Sowerby, J., 1957, 336. 

* Huston, J. Inorg. Nuclear Chem., 1956, 2, 128. 

® Lappert, Proc. Chem. Soc., 1957, 121. 
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660. The Conversion of Fatty Acids into Aldehydes. 
By S. S. NicAm and B. C. L. WEEDon. 


In connection with other studies a convenient method was required for the conversion of 
both saturated and unsaturated fatty acids into the corresponding aldehydes. Weygand 
et al.’-3 have shown that lithium aluminium hydride reduction of the N-methylanilides of 
a wide variety of acids gives aldehydes in good yield : 


R-CO,H ——» R-CO-NMePh ——® R-CHO 


Hitherto this method has been applied only to one long chain fatty acid, viz. palmitic.” 
We now summarise the results obtained with five saturated acids ranging from octanoic 
to stearic, the ethylenic acids undec-10-enoic and oleic, and the acetylenic acids dec-9-ynoic 
and undec-l0-ynoic. The products were characterised as their 2: 4-dinitrophenyl- 
hydrazones. The yields were uniformly good. 

Weygand et al.* state that side reactions leading to alcohols are not favoured under the 
experimental conditions used. Although infrared examination of our reduction products 
showed that alcoholic impurities were present, these could be eliminated by fractional 
distillation or crystallisation. The product from oleic acid possessed no absorption band 
at 10-3 u, showing that no stereomutation of the (cis)-double bond had occurred. 

Weygand’s method for preparing aldehydes therefore compares favourably with those 
previously used in the fatty acid field (see a review by Mosettig *). 

Experimental.—M. p.s were determined on a Kofler block and are corrected. 

The general procedures used are outlined below. The properties and amounts of starting 


materials and products are given in the Tables. 


TABLE 1. Preparation of N-methylanilides. 











Acid Acid chloride 
"a - — oh —— a ee — “* = 
M. p. Wt. (g.) B. p./mm. np/temp. Yield, % 
Saturated 
NED ciseteniiiscicencsvevabswsesincanene 16° 5-0 22—26°/0-1 1-4375/18° 90 
II sitindsnnnccvcnsnsscsebietsnsnesseses 31-5 4:5 48—52/0-2 1-4420/20 96 
INES kinsadncncncdiuictecervenees 54 5-7 84—90/0-1 1-4500/18 90 
SINE, csccisiccsncieneeyennaneenin 69—70 6-0 165—170*/10-5 1-4540/23 94 
Unsaturated 
RINNE, sn cr cn commmemeenonmenndeons 24 18-4 74—78/0-1 1-4530/23 82 
CEROR CEOS cscs cccsccccsascsescs 13 5-0 100—110*/10-5 = 1-4625/21 80 
SINE © tncvnncccnssoncussvessecseerne 22 23-7 58—64/0-1 1-4610/21 86 
PE IOOND crcccssctsiccsessessacconce 43 10-0 68—70/0-1 1-4605/21 80 
Acid sessment TT cassia 
B. p.*/10-> mm. mp/temp. Yield,% Analysis t 
Saturated 
CRIED eetecnicncen 125—135° 1-5060/20° 81 N, 6-05 (6-0) 
BIEN sszcenecssne 125—135 1-5010/20 84 N, 5-35 (5-35) 
Tetradecanoic ...... 155—165 1-4950/20 76 N, 4:5 (4-4) 
(m 28) 
Octadecanoic ...... (m. p. 48) ¢ -- 84 C, 80-45 (80-35); H, 11-6 (11-6); N, 3-9 (3-75) 
Unsaturated 
Undec-l0-enoic ... 185—195 1-5070/22 85 C, 79-05 (79-05); H, 9-85 (9-95) 
Octadec-cis-9-enoic 155—165 1-4980 /22 77 N, 3-8 (3-75) 
Dec-9-ynoic?® ...... 145—155 1-5190/22 85 C, 78-8 (79-35); H, 8-85 (9-0); N, 5°55 (5-45) 
Undec-10-ynoic ... 165—175 1-5155/18 79 C, 79-8 (79-65); H, 9-2 (9-3); N, 5-4 


(5-15) 


' Weygand and Eberhardt, Angew. Chem., 1952, 64, 458. 

2 Weygand, Eberhardt, Linden, Schafer, and Eigen, ibid., 1953, 65, 525. 
% Weygand and Mitgau, Chem. Ber., 1955, 88, 301. 

* Mosettig, Org. Reactions, 1954, 8, 218. 
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TABLE 2. Preparation of aldehydes. 





N-Methylanilide Aldehydic product 2 : 4-Dinitrophenylhydrazone 
a “«~ aa, | a —h a 
Wt. (g.) M. p. Yield, % M.p. Yield, % Analysis ¢ 
of Saturated 
id QORRMTES . 02000000 4-0 17° 77 107°° 58 N, 17-6 (18-15) 
Decanoic ......... 4-0 18¢ 90 108¢ 74 C, 56-65 (57-15); H, 7-3 (7-2); 
of N, 16-85 (16-65) 
Dodecanoic! ... 2-5 44 58 -- i 
Tetradecanoic ... 1-0 239 73 108 59 N, 14-1 (14-3) 
Hexadecanoic’*... — — -— 108 98 
Octadecanoic ... 1-0 63 70 110 56 = N,, 12-75 (12-5) 
c.2 Unsaturated 
iC Undec-10-enoic... 4-0 -- 69 924 57 
iC | ee 2- (b. p. 125— 69 68 * 55 
1 130*/10-§ mm.) 
= Dec-9-ynoic® ... 21-0 — 85 73-5! 56 
Undec-10-ynoic 2-6 -- 83 86 60 N, 16-45 (16-2) 
he * Bath temp. + Calculated figures shown in parentheses. 
sts * Crystallised from methanol. ° See Nigam and Weedon, /., 1956, 4049. * ‘‘ Organic Reagents 


for Organic Analysis,’’ Hopkin and Williams Ltd., Essex, 1950, gives m. p. 106°. 4 Semicarbazone, 
m. p. 102°. Op. cit.* gives m. p. 102°. ¢ Op. cit.< gives m. p. 104°. 4 Quoted from Shah, Ph.D. 
nd Thesis, London, 1955. 9% Stephen, J., 1925, 127, 1874, gives m. p. 23°. * Quoted from Weygand e¢ 
al, 4 Polymer. Feulgen and Behrens, Z. physiol. Chem., 1928, 177, 221, give m. p. 63-5°. 
j Grundmann, Annalen, 1936, 524, 31, gives m. p. 91°. * Idem, ibid., gives m. p. 68°. ' Walborsky, 
Davis, and Howton, J. Amer. Chem. Soc., 1951, 78, 2590, give m. p. 73—74°. 


Acid chlorides. The acid and thionyl chloride (2-2 mol.) were boiled gently under reflux 
ing until evolution of hydrogen chloride teased. The excess of thionyl chloride was distilled off, 
and the residual acid chloride was then distilled under reduced pressure. 

N-Methylanilides. Methylaniline (1-2 mol.) in an equal volume of pyridine was added 
slowly to a cooled (ice-bath) solution of the acid chloride in benzene (3 vol.). The mixture was 
shaken occasionally and kept at 20° for 30 min. Water was added and the product extracted 
1 with benzene. The extract was washed thoroughly with 2N-hydrochloric acid, then with water, 
/o and dried (Na,SO,) and evaporated. The N-methylanilide was distilled under reduced pressure 
in a short-path still. 

Aldehydes. Lithium aluminium hydride (0-33 mol.) in ether was added slowly to a cooled 
(0°) and well-stirred solution of the N-methylanilide in ether. Stirring was continued at 0° 
for a further 3 hr., and the excess of lithium aluminium hydride was then destroyed by the 
addition of ethyl acetate. 2Nn-Hydrochloric acid was added and the product was extracted 
with ether. The extract was washed thoroughly with 2N-hydrochloric acid, then with water 
and dried (Na,SO,) and evaporated. 

The crude products were characterised directly; some were purified by distillation or 
crystallisation. 


Microanalyses and spectral measurements were carried out in the microanalytical (Mr. F. H. 
Oliver) and spectrographic laboratories (Mr. R. L. Erskine) of this Department. One of the 
authors (S. S. N.) thanks the University of Saugar, India, for study leave. 


DEPARTMENT OF CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, LONDON, S.W.7. [Received, March 29th, 1957.) 
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661. The Reactions of Methyl Radicals with Thiols. 
By J. A. Kerr and A. F. TROTMAN-DICKENSON. 


Tue high reactivity of thiols with free radicals is well known; for this reason thiols are 
extensively used as chain-transfer agents in polymerisations. Little quantitative work 
on the kinetics of their reactions in solutions has been reported and still less appears to 
have been done on the gas phase. This Note records an attempt to investigate the kinetics 
of the attack of methyl radicals on thiols : 


a ne 


The photolysis of acetone was used to provide methyl radicals. In general the procedure 
of Trotman-Dickenson and Steacie ' was followed. Photolysis was carried out in a Pyrex 
vessel so that no light was absorbed by the thiols. The gases produced were analysed 
with a standard low-temperature distillation apparatus; carbon monoxide was oxidised 
over copper oxide. 

During the photolysis methane, ethane, and carbon monoxide were produced by the 
following reactions : 


CH, COCH, + y= CH,CO+CHy 2... 2... . - @ 
C4CO=CHy+CO ........-8 
Seta Ghs~d Mack i oe ow® 

CH,: — CH,CO-CH, = CH, + -CH,COCH, . . . . .. . (4) 
— ee 


It can be shown that : 

ky _ Rew, — (Ay/ks')(CH,°CO-CH,)R*c,x, 

kt R'o.u, RSH) - 
where the ’’s are the rate constants of the reactions and Reg, and Rey, are the rates of 
formation of the products. Application of this equation involves a knowledge of &,. 
The value of this rate constant is uncertain at less than 100° because methane is also 
formed by additional reactions, probably including the reactions of the acetyl radical.* 
The present experiments could not be carried out at temperatures as high 100° because the 
rate of reaction (1) was so great that it was impossible to obtain reproducible results. 
Accordingly all the rate constants were determined at 30°. The uncertainties in k, were 
unimportant because it is about one-thousand times less than k,. The results obtained 
with the higher thiols were not very reproducible. The mean values of 10-7 (mole! 
cm. sec.-!), based on the value of k, advocated by Shepp,’ are : 


MeSH 1-8; EtSH 3-5; PriSH 4-1; Bu'SH 5-9 





This order of reactivity is the same as that deduced from the photodecomposition of 
acetaldehyde catalysed by thiols. If log,, A (mole cm.® sec.-!) for these reactions is 
of the order of 11-3, as it is for many reactions of methyl, then the activation energies 
of these reactions lie between 5-6 and 4-9 kcal. /mole. 


This work was supported by the Petroleum Research Fund of the American Chemical 
Society. 


THE UNIVERSITY, EDINBURGH. [Received, April 1st, 1957.) 


? Trotman-Dickenson and Steacie, J. Chem. Phys., 1951, 19, 329. 
* Ausloos and Steacie, Canad. J]. Chem., 1955, 33, 47. 

* Shepp, J. Chem. Phys., 1956, 24, 939. 

* Birrell, Smith, Trotman-Dickenson, and Wilkie, ]., 1957, 2807. 
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662. The Action of Hydrogen Chloride on the Nickel and Palladium 
Derivatives of Dimethylglyoxime—A Correction. 


By A. G. SHARPE and D. B. WAKEFIELD. 


THE addition of hydrogen chloride to bisdimethylglyoximepalladium(t!) was previously 
reported ! to give the pale yellow compound [Pd(DH,),Cl,)},* which yielded a diacetyl 
derivative _Pd(DHAc),Cl,]; both substances were non-conductors in acetone solution, 
neither could be purified by recrystallisation, and the formule were based on a mistaken 
analogy with the more closely investigated nickel compounds. 
Further investigations have shown that when bisdimethylglyoximepalladium(t) is 
treated with cold concentrated hydrochloric acid, the previously unknown pale yellow 
compound [Pd(DH,jCl,}, which is a non-conductor in acetone and does not react with 
acetyl chloride, is produced. Comparison of X-ray powder photographs indicates that the 
product formulated as {[Pd(DH,),Cl,}, although apparently homogeneous, is a mixture of 
Pd(DH,)Cl,| and dimethylglyoxime, and that the supposed acetyl derivative is a mixture 
of 'Pd(DH,)Cl,| and diacetyldimethylglyoxime. The analogous compound |Pd(RH,)CI,| * 
has been prepared (i) by the action of hydrochloric acid on bisethylmethylglyoxime- 
palladium(11), and (ii) from excess of potassium chloropalladite and an acidic solution of 
ethylmethylgloxime. In this instance the solubilities of the complexes _Pd(RH,)Cl,] and 
Pd(RH), appear to be such that even in dilute hydrochloric acid the former is precipitated. 
The structures assigned to the nickel complexes are not affected by this re-interpret- 
ation: the compound 'Ni(DH,)Cl,] has previously been reported? (as a brown solid); and 
X-ray powder photography shows ‘that "Ni(DH,),Cl,], which is pale blue, is structurally 
different from the material obtained by interaction of hydrogen chloride and bisdimethyl- 
glyoxine palladium. 


Experimental.—Bisdimethylglyoximepalladium(11) was shaken with cold concentrated 
hydrochloric acid; the pale yellow product was washed with the acid and dried in vacuo at room 
temperature (Found: Pd, 35-9; C, 16-5; H, 2:7. C,H,O,N,Cl,Pd requires Pd, 36-4; C, 16-3; 
H, 27%). 

Bischloroethylmethylglyoximepalladium(t1) was prepared similarly from bisethylmethyl- 
glyoximepalladium(1) (Found: C, 19-7; H, 3-4. C;H,)N,O,Cl,Pd requires C, 19-5; H, 3-2%). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, April 3rd, 1957.) 








* In this communication DH, = dimethylglyoxime, RH, = ethylmethylglyoxime. 


1 Sharpe and Wakefield, J., 1957, 496. 
2 Paneth and Thilo, Z. anorg. Chem., 1925, 147, 196. 


663. Bis-2:3-dichloropropyl Disulphide. 
By W. Davies and A. V. ROBERTSON. 


3-CHLORO-1-MERCAPTOPROPAN-2-OL |}? with thionyl chloride gives about a 10% yield of 
crystals, m. p. 70—71°. This substance is also formed in 97°, yield by bromime oxidation 
of 2: 3-dichloropropane-1-thiol,2»* proving that the product must be bis-2 : 3-dichloro- 
propyl disulphide. On the other hand, this structure was assigned without proof, by 


1 Sjéberg, Ber., 1941, 74, 64. 
? Davies and Savige, J., 1951, 774. 
* Culvenor, Davies, and Heath, /., 1949, 282. 
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Pope and Smith,‘ to an oil, b. p. 190°/11 mm., made by addition of sulphur monochloride 
to allyl chloride. On repetition of this preparation a small yield of the above crystals 
was obtained from the oily product. The oil is undoubtedly a mixture, containing both 
meso and racemic forms of the bisdichloropropyl disulphide rather than much of the 
isomeric isopropyl disulphide derivative. Hence the sulphonates obtained by oxidation 
of the oil probably have the »-propyl structure Pope and Smith assigned to them. The 
stereochemistry of the crystals, m. p. 70—71°, has not been examined. 


Syntheses of Bis-2 : 3-dichloropropyl Disulphide——(1) From 3-chloro-1-mercaptopropan-2-ol. 
3-Chloro-1-mercaptopropan-2-ol (10 g.) reacted violently with thionyl chloride (20 g.; 100% 
excess), and after the mixture had been refluxed on a water-bath until evolution of hydrogen 
chloride ceased (2 hr.), the excess of thionyl chloride was removed at 30mm. The part of the 
residue which solidified in the refrigerator overnight crystallised (charcoal) from light petroleum 
in needles (1-3 g., 10%), m. p. 70—71° after recrystallisations from ligroin or ethanol (Found : 
C, 25-1; H, 3-4. C,H, Cl,S, requires C, 25-0; H, 3-5%). 

(2) From 2: 3-dichloropropane-1-thiol. Bromine (3-0 g.) was added dropwise to a stirred 
solution of 2 : 3-dichloropropane-1-thiol (5-0 g.) in light petroleum (25 ml.), and the solid was 
washed with water and recrystallised from light petroleum. The product (4-8 g., 97%), had 
m. p. and mixed m. p. 69—70° with specimens of bis-2: 3-dichloropropyil disulphide, from 
methods (1) and (3) (Found: C, 25-1; H, 3-6%). 

(3) Pope and Smith’s method.—A mixture of freshly distilled allyl chloride (30-6 g., 0-4 mole) 
and freshly distilled sulphur monochloride (27 g., 0-2 mole) gradually developed a deep shade of 
orange (contrast Pope and Smith, Joc. cit.) during 13 days at room temperature (17°). 
Attempted distillation caused extensive charring with evolution of hydrogen chloride, and only 
33 g. of a dark oil (b. p. 190—196°/20 mm.) were obtained. At 0-3 mm., a low-boiling fraction 
(8 g.; b. p. 40—60°) was removed from this material, followed by a yellow oil (14-8 g.; b. p. 
100—160°), leaving an undistillable residual dark viscous oil (9-6 g.).. After 12 hr. at about 0°, 
both the high-boiling fraction and the residue deposited solid material (1-3g. and 1-1 g. 
respectively) which crystallised from light petroleum in needles, m. p. 69—70° (Found: S, 22-1. 
Calc. for C,H, ,Cl,S,: S, 22-2°%), identical (mixed m. p.) with the products obtained in methods 
(1) and (2). 

This very low yield (4%) was not increased by performing the first distillation at 0-1 mm. 
pressure. However, crystallisation was initiated by seeding another batch of mixed allyl and 
sulphur chlorides which had been kept in the dark for two weeks, and after a further 4 weeks 
an 8% yield of the almost pure crystals (m. p. 65—68°) was obtained. 


THE UNIVERSITY OF MELBOURNE, AUSTRALIA. (Received, April 25th, 1957.] 


* Pope and Smith, J., 1922, 1166. 
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